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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS

P. O. BOX 6231
VICKSBURG., MISSISSIPPI 38180

IN REPLY REPRE Yo:  WESTY 30 September 1978

SUBJECT: Transmittal of Technical Report D-78-44

TO. All R«port Reci ' ents

1. The technical report transmitted herewith represents the resuits of
one research effort (Work Unit 6C08) initiated as part of Task 6C,
entitled "Turbidity Prediction and Control," of the Corps of Engineers'
Dredged Material Research Program (DMRP). Task 6C, included as part of
the Disposal Operations Project (DOP) of the DMRP, was concerned with
investigating the problem of turbidity and developing methods to predict
the nature, extent, and duration of turbidity generated by dredging and
disposal operations, Equal emphasis was also placed on evaluating both
chemical and physical wethods for controlling turbidity generation
around dredging and disposal operations.

2. Although there are still mary questions about the direct and in-
direct effects of different levels of turbidity on various aquatic
organisms, turbidity generated by dredging and disposal operations can
be aesthetically displeasing. Therefore, regardless of the ecological
effects associated with turbidity, it may be necessary, under certain
conditions, to reduce the levels of turbidity that might be generated by
a particuler dredging or disposal operation. This study was concerned
with evaluating the submerged discharge concept as a mechanism for
reducing the turbidity levels generated in the upper water celumn by
open~water pipeline disposal op2rations. Based on lahoratory flume
tests, four discharge configurations were tested and a diffuser was
designed. Unfortunately, time and funding cunstrairts did nst allow
field testing of this diffuser. However, wmathematical scaling techniques
were used to evaluate the effectiveness of the diffuser relative to a
20-degree submerged discharze configuration used as a baseline condition.

3. This study represents one of a series of reports on turbidity pre-
diction and control. Other studies within Task 6C provide information
on predicting the nature and extent of turbidity plumes generated by
open-water pipcline disposal opecations, silt curtains, and the
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WESEV 30 September 1978
SUBJECT: Transmittal of Technical Report D-78-44

generation and flow of fluid mud dredged material., All research results
from Task 6C are synthesized in Technical Report DS-78-13 entitled "Pre-
diction and Control of Dredged Material Dispersion Around Dredging and
Open-Water Pipeline Disposal Operations.”

3 JOHN L. CANNON
3 Colonel, Corps of Engineers
Commander and Director
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SUMMARY

The Problem

The U.S. Army Corps of Engineers was authorized bv the River and
Harbor Act of 1970 to conduct a comprehensive nationwide study concerned
with the disposal of dredged material., The task of developing and
implementing the study was assigned to the U.3. Army Engineer Waterways
Experiment Station (WES) which established the Dredged Material Research
Program (DMRP). The DMRP has as its objectives the development of more

definitive information on the environmental aspects of dredging and

i disposal operations and the development of technically satisfactory,
3 environmentally compatible, and economically feasible dredging and dis-
posal alternatives, including consideration of dredged material as a

manageable resource.

A common method of disposing of dredged material in hydraulic pipe-
i line dredging operations is to discharge the pumped slurry into desig-
nated open-water disposal areas near the dredging site. Generally,
this 1s done by allowing the slurry to discharge from an open nipe
located above the water's surface. One effect is an increase in the
turbidity and suspended solids in the water column. While the absolute
impact of this tur’ .dity on the environment is ditficult to assess, it may
be necessary to minimize its generation in certain situations.

Because of concern about potential environmental damage, open-water

disposal has been severely curtalled in recent years. Such disposal is
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contrciled by the Federal Water Pollution Control Act Amendments of 1972 J

f and guidelines subsequently developed by the Environmental Protection

Agency and the Corps of Engineers (Federal Register). Those guidelines

ok

contain objectives associated with the "selection of disposal sites and
conditioning of discharges of dredged material' which include the follow-

ing:

a. Minimize, where practicable, adverse turbidity levels
resulting from the discharge of material. ;

b. Minimize discharge activities that will degrade aesthetic,
recreational, and economic values.
1

This study was conducted in order to investigate the use of submerged

QIR ERR e

discharge as one means of conditioning discharges of fine-grained dredged

material slurry in order to reduce or control the turbidity normally

E assoclated with open-water disposal.

3 Purpose and Scope

T T

The specific objective of this work was to develop and evaluate equip- i
ment design, together with associated deployment techaiques, for dis- ‘
charging fine-grained dredged material slurry beneath the water's surface ;
in a manner that wouid effectively reduce the turbidity generated iu the
water column. The study consisted of three principal tasks:

é a. Development of alternative submerged discharge concepts.
1 b. Evaluation of selected alternative concepts.
c. Evaluation of full-scale implementation requirements. i

4 : A variety of alternative configurations for submerged discharge were

developed through close scrutiny and analysis of the mechanisms and processes
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involved in the generation of turbidity, supported by a review of the
pertinent literature. In addition, a survey of dredge operatoras and
Corps districts was conducted to obtain information about any prior

experience with the use of submerged discharge in combination with

hydraulic dredging.

In order to evaluate submerged discharge as a means of controlling
turbidity, a laboratory test program was conducted. For this program,
a test facility was designed and built for performing scaled experiments

that simulated a variety of full-scale configurations., Two series of

tests were run. In the first, called the baseline runs, experiments were

performed using a plain open pipe discharging a sediment slurry under

water. In the second, special discharge devices for controlling turbi-

dity were attached to the pipe and evaluated by testing under a variety

of operating conditions.

Cn the basis of the laboratory evaluation, one configuration of
discharge device, a diverging nozzle or diffuser, was selected as a very

promising candidate for full-scale evaluation., Full-scale designs of the

diffuser were developed and dimensions and weights wevre determined for
units suitable for 12-, 18-, and 24-~in, pipeline dredges. In addition,

the design of a barge for carrying and properly positioning the diffuser

was developed,

The implications of utilizing the diffuser in a full-scale dredging

operation were analyzed and described. 1In addition, an estimate of the

cost to build a full-scale system was prepared and a progran for full-

scale demonstration was outlined.




Methods
4 In order to conduct scaled experiments, a complete test facility 5
i was designed and constructed., The principal elements were (a) a test 4

tank 8 ft wide by 2.5 ft deep by 32 ft long with observation windows on
both sides; (b) a slurry storage and conditioning system consisting of a
400-gal tank, circulating pump, and flow controls; (c) a filtered fresh

water supply; (d) sampling equipment to characterize the dispersion of

i the dredged material during the tank tests. In addition, provisions were

2 made for extensive photographic coverage, inasmuch as these records were

an important source of primary data.
Using these facilities, a baseline test program was conducted to
explore the physical characteristics of the dredged material dispersion

that develops around open-water discharge configurations commonly used in

AW
.

hydraulic dredging operations. In addition, the performance data from

this program were used as a reference base against which the performance

e e R

of various submerged discharge d:signs could be compared and evaluated. ;

On completion of the series of tests utilizing a simple submerged

R T

open pipe (the baseline test program), another series of tests was run

in order to evaluate the effectiveness of four different types of discharge

PRI T WP T T T e T

devices (or processors) designed to reduce turbidity in the water column.

The four devices tested were designated the shroud, the weir, the plenum,
é and the diffuser.

A matrix of tests was designed that would provide sufficient data

to evaluate the processors and to compare their performance to that of
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a simple, open pipe as established in the baseline program. However, .
only the finally selected configuration (the diffuser) was subjected to
‘ the full battery of tests. The others were tested only enough tn allow
é comparison among the four processors and to eliminate the less promising
candidates.

After the diffuser was selected, a full-scale design was developed
for 12-, 18-, and 24-in. pipeline sizes. 1In order to evaluate costs,

a complete system, including the support barge, was designed and a de-

tailed fabrication cost estimate was prepared for an 18-in. pipeline

system. The estimate was based upon quotation from potential fabricators

and suppliers.,

- Results and Conclusions

Regardless of discharge configuration nearly all of the dredged
material slurry settles to the bottom to form a blanket of mud while

a small amount remains in suspension in the water column. As the bottom !

WYL FU TR T AR R AT LTy TP T omom e

layer thickens at the discharge point, it behaves like a density flow

and spveads radiully outward under the influence of gravity forces. It

AT T R T

derives its increased density from the dispersion of suspended solids

of which it is comprised. The mixture is referred to as fluid mud and

its movement along the bottom as a mudflow. The mudflow system incorporates
a fluid mud layer that flows along the bottom and a turbidity layer
immediately above the mud layer. The moving mud laver supplies fluid

mud to the headwave which is the advancing boundary of the fluid mud i
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system. The turbidity layer 1sAgenerated from turbulence in the head
wave and at the shear boundary of the mud layer. The suspended solids
concentration extends up to 10 g/% in the turbidity layer and from 10 to
about 200 g/% in the fluid mud layer. i
Submerged discharge 18 an effective technique for reducing the
turbidity associated with the open-water disposal of fine-grained dredged
material. Of the four processor models tested, the diffuser and the
plenum were about equal in performance and were distinctly superior to

the shroud and weir. The diffuser was selected over the plenum on the

basis of practical considerations.
An open plpe, submerged and oriented vertically downward is very §
effective in reducing turbidity generation. Such a configuration should be
considered seriously as a standard for comparison in any full-scale field ?
evaluation of submerged discharge. ;
The performance of the diffuser is significantly sup~arior to that
of an open pipe discharging bereath the water, both in reducing turbidity i
and in controlling mudflow. ;
A submerged dischacge system incorporating the 2iffuser can be
designed that is both technically feasible and operationally practicable,
The cost of a complete system including diffuser and discharge barge
for an 18-in. pipeline d.-dge is approximately $212,000.
A method for making full-scale predictions of mud flow parameters

based on the scaled laboratory tests was developed. This method, which

will predict an upper limit value for the turbidity cloud height, mud

flow height, and mud flow velocity for {ull-scale dredging situations,
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is based upon Froude 3caling. It is necessarily limited in its applica-
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tion by the range of variables that were investigated in the laboratory

experiments., %
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PREFACE

T

L T,
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; This report presents an evaluation of the submerged discharge
concept as a means of controlling turbidity caused by the discharge of P
dredged material into designated open-water disposal areas during ; 3
hydraulic dredging operations. The study was conducted by the JBF % [
Scientific Corp., Wilmington, Mass., under Contract No. DACW39-76-C- '

0112 (Neg.), dated 29 June 1976, under Dredged Material Research Program

(DMRP) Task 6C, "Turbidity Prediction and Control," Work Unit 6C08, ]

"An Evaluation of the Submerged Discharge of Dredged Material Slurry ' :
During Pipeline Dredge Operations.'" The DMRP 1is sponsored by the Office,

Chief of Engineers, U.S. Army, and is administered by the Envirunmental

Laboratory (EL), U.S. Army Enginecr Waterways Experiment Station

(WES).

o TR T
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The study was conducted by Messrs. George Henry, Robert W. Neal,

Stephen H. Greene, and Gary Bowers, JBF Scientific Corporation. The
3 contract was monitored by Dr. William Barnard, Disposal Operations
% . Project, EL, under the general supervision of Mr. Charles C. Calhoun, Jr.,
. Project Manager, and Dr. John Harrison, Chief, EL. Mr. Calhoun was
the Contracting Officer's Representative, and COL Jchn L. Cannon, CF,
was Contracting Officer.
Director of WES during the conduct of this study and the prepara-
tion of this report was COL John L., Cannon, CE. Technical Director

was Mr. F.R. Brown.
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT )

U.S. customary units of measuremer’. used in this report can be converted

to metric (SI) units as follows:

Multiply

cubic feet

cubic yards per hour
degrees (angle)

feet

feet per second

gallons

gallons (U.S. liquid)

per ninute
inches
pounds (mass)

pounds (force) per
square foot

slug-feet per second
per second

By
0.02832
0.7645549
0.01745
0.3048
0.3048
3.7854

0.003785

0.0254
0.4536

47.88026

4.45

17

To Obtain
cubic metres
cubic metres per hour ]
radians |
metres

metres per second

litres ]

cubic metres per
minute

metres

kilograns

pascals i

kilograms-metres per
second per second
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EVALUATION OF THE SUBMERGED D1SCHARGE OT DREDGED MATERIAL
SLURRY DURING PIPELINE DREDGE OPERATIONS

CHAPTER I: INTRODUCTION

Background
b 1, A common method of disposing of fine-grained dredged material

in hydraulic pipeline dredging operations is to discharge the pumpad
slurry into an open-water disposal area near the dredging site. Generally

this is done by allowing the stream to discharge from an open pipe

located above the water's surface. In some instances, the open end may

be fitted with a splash plate designed to deflect the stream and to dis-

—

4
perse it over a greater area.

i
2. This practice affects the environment in several ways that %

may be poténtially damaging.

T B T ER s 4

One effect is an increase in the turbidity

and suspended solids in the water column. While the absolute impact of

: E
i this turbidity on the environment is difficult to assess, turbidity
B

G generction can be minimized. The sediments themselves may be contaminated

!
with such substances as pesticides or heavy metals, Organisms normally :

present in the water may be affected adversely by a reduction in sunlight, %
by interference with normal respiration, or by the presence of toxic

substances with the sediments. In addition, the presence of large tur- ;

bid plumes in an otherwise undisturbed body of water can be construed

as degrading aesthetic, recreational, or economic values.

3. Because of the potential for environmental damage, open-water

e

disposal of fine-grained material in estuaries has been severely

18
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curtailed in recent years. Such disposal is controlled by the
E Federal Water Pollution Control Act Amendments of 1972 and guidelines i
subsequently developed by the Environmental Protection Agency and the
Corps of Engineers.l Those guidelines contain objectives associated

with the "gelection of disposal sites and conditioning of discharges

of dredged material' which include the following: %

P

a. Minimize, where practicable, adverse turbidity levels
resulting from the discharge of material.
b. Minimize discharge activities that will degrade

aesthetic, recreational, and economic values.

gi Purpose §

4. This study focuses upon the use of submerged discharge as one

means of reducing or eliminating the turbidity generated by conventional 3
open-water disposal of fine-grained dredged material slurry. It com-
prised three principal tasks:

.

3
Development of alternative submerged discharge concepts.

jo

Evaluation of selected alternative concepts.

jor

c. Evaluation of full-scale implementation requirements.

Scope

5. A variety of alternative configurations for submerged dis-

3 charge were developed through cleose scrutiny and analysis of the

R it e cnsall i
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mechanisms and processes involved in the generation of turbidity,
supportad by a review of the pertinent litergture. In addition, a survey
of dredge operators and Corps districts was conducted to obtain informa-
tion about any prior experience with the use of submerged discharge ia
combination with hydraulic dredging.

6. In order to evaluate submerged discharge as a means of control-
ling turbidity, a laboratory test program was conducted. For this
program a test facility was designed and bullt for performing scaled
experiments that simulated a variety of full-scale configurations. Two
series of tests were run. In the first, called the baseline runs,
experiments were performed using a plain open pipe discharging a sediment
slurry under water. In the second, special discharge devices for con-
trolling turbidity were attached to the pipe and evaluated under a variety
of operating conditioms.

7. On the basis of the laboratory evaluation, one configuration
of discharge device, a diverging nozzle or diffuser, was gelected as a
very promising candidate for full-scale evaluation, Full-scale designs
of the diffuser were developed, and dimensions and weights were determined
for units suitable for 12-, 18-, and 243in. pipeline dredges. 1In
addition, che design of a barge for carrying and properly positioning
the diffuser was developed. The implications of utilizing the diffuser
in a full-scale dredging operation are analyzed and described, In addi-
tion, the cost of building a full-scale system is estimated, and a

program for full-scale demonstration is outlined.

*A table of factors for converting U.S. Customary units of measurement
to metric (SI) units is found on page 17.
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3 8. The baseline data were also utilized to develop a method of 3 ;
F predicting mud flow parameters (cloud height, mud flow height, and head % ?
wave velocity) for a limited range of full-scale discharge configurations. ’
i
The method 1s based upon Froude scaling of the model tests, and provides oo
upper limit estimates of these parameters. ;
g
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CHAPTER II: TECHNICAL DISCUSSION ;

Hydraulic Dredge Configuration

e
.

9.

gy 1

A hydraulic dredging operation utilizing open-water discharge

for disposal of dredged material may be typified by describing a parti-

cular maintenance dredging project. The William L. Guthrie, a 16-in,

B e

% cutterhead dredge, is utilized by the Corps of Engineers to maintain

channel depth in various parts of the Gulf Intracoastal Waterway (GIWW).

vver much of its length, the GIWW is located in inland waterways (rivers

or canals) where dredged material is pumped into nearby diked areas for

disposal. However, there are also many areas where the GIWW traverses

bays and sounds that are protected by the barrier islands stretching

G b -t T R i i 1

along much of the coast of the Gulf of Mexico. In most of these areas,

the dredged material is discharged into designated disposal areas in the
i open waters 1000 to 3000 ft to the side of the channel.

10. A typical project location for open-water disposal is :

i
i Apalachicola Bay near mile 360 on the Florida coast. The channel may i
18

have silted enough so that water depths are 9 to 10 ft where nominal

; channel dimensions are 125 ft wide and 12 ft deep. For this project, :

the Guthrie might set its cutter head to dredge the channel to a depth
3|

of 14 ft. Proceeding along the channel, the Guthrie would swing on

its spuds, cutting the full width of the channel in one pass.

i i
22 ]
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11, Connected to the Guthrie is a 16-in.-diameter pipeline,

supported on pontoon floats, through which the fine-grained dredged

material slurry is pumped. The disposal area is about 1000 ft to the

south, which weans that the discharge pipeline may be around 1500 ft 5

T T [T Ty~ TS

long to allow slack for relative motion between the dredge and the

: discharge-end pontoon.

; H
Dredged Material Deposition ; .j

12. As the dredge moves more or less continuously along the

AN

channel, the entire string of discharge pipe must be moved periodically

EEYERrP

to advance the discharge point. For the most efficient operation, it
would be desirable to move the pipe only as often as the progress of
the dredge requires. However, the amount of sediment accumulating in

! the vicinity of the discharge point, particularly if mounding occurs,
may require additional moves. An important consideration in the design

of a system for submerged discharge 1s its potential effect upon the

deposition of sediment in the disposal area.

13. The rate of accumulation of the fine-grained material will de- : )

pend upon the nature and concentration of sediment in the slurry being
discharged as well as the hydrodynamic conditions. This concentration
will vary consider:bly as the depth of cut varies. 1In addition, the
motion of the cutterhead is such that there is some overlap between cuts
at the outer extremities of each swing across the channel. As a result,

the concentration of the discharged slurry varies continually from as ;i .

i i

j
L
§
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much as 20 or even 25 percent solids by weight to virtuaully no snlids.

The lonz-term average concentration of sediments in a typical maintenance

P ‘ dredging operation would probably fall in the range of 10 to 15 percent.* i

Mechanisms of Turbidity Generation ‘ |

R

S

14, 1In current practice, it is common for the pipeline to be

terminated simply as an open pipe, discharging almost horizontally at
some distance above the water. As indicated in Figure 1, the slurry
stream or jet exiting the pipeline is highly turbulent, entrains air as ﬂ

it enlarges, and is broken into individual drops in the outer portion f i

, of the jet. This action is illustrated in Figure 2. After penetrating

the surface, most of the material remains in the jet, which continues

e e s Tk

T ST

to enlarge by entraining water. At the bottom, the sediments move away

from the point of impact as a mud flow. However, a small fraction of

SPNE S, PR R H

5
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the finer grained sediments remains suspended in the water column,

creating turbidity.

15. Observations made in the field and in laboratory tank tests

Y A  d e o

suggest that there are four mechanisms that generate turbidity in this i

process. The first is interaction between the water surface and drops

Fia i ar o A Di .

T or "pieces" of the slurry stream which have broken away from the jet. ?
e _ This interaction creates turbidity at and near the surface and 1is

responsible for the visible part of the surface plume. In addition,

*Tests covered in this report are based on the percentage of sclids by -
welght carried in the respective slurries, However, it should be noted : i
that the usual practice in the dredging industry uses a percentage of ; 3
solids by volume of in situ material removed relative to the volume of '
slurry pumped.

24
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Figure 1. Slurry discharge jet

Figure 2, Typical above-surface discharge
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depending upon the presence of organics or other constituents in the
sediments, this action may also create froths and surface discoloration.

16. 1In the vicinity of the impact point and above the mud flow,
there is a turbulent region in which finer sediments mix into the over-
lying water, creating turbid clouds that upwell into the water column.
Depending upon the energy of the discharge stream and the depth of
water, this turbid upwelling mixes upward and may even reach the surface.

17. A third mechanism is the shear between the descending jet
and the surrounding water, For full-scale discharges, the Reynolds
number in the submerged jet is probably sufficiently high for mixing to
take place, which results in some dispersion of sediment into the water
column.

18. A fourth mechanism which causes turhidity was observed during
laboratory tests of submerged discharge. Sediments very commonly con-
tain gases due to the decomposition of organic material. The gas can
be entrained in the slurry stream and carried along in the pipeline. At
the discharge some gas may escape the jet, but smaller bubbles near the
center of the stream will remain in the jet and may be carried with
the mud flow before being released. When a bubble is released, it
carries fine sediment at the gas-water interface, and leaves behind a
small turbid trail as it moves upward. This may not be a significant
source of turbidity for above-surface discharges; however, for a sub-
merged discharge, rising bubbles could become a major source of turbi-

dity 1if not taken into account,

26
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Mud Flow

19. The mud flow which carries most of the sediment away from the
1 point of impact is,in fact, a density current. The suspension of fine-
[ grained sediments behaves as 1f it were a denser fluid than the sur-
rounding water. It therefore is capable of flowing under the influence
of gravity with no appreciable mixing taking place. Several field

observation32’3 show that fluid mud may extend great distances (1000

to 2000 ft and more) from the point of discharge. Of course, the

et b ) i an

occurrence of a mud flow requires that sediments be fine enough to

form a suspension. If not, the sediments will simply settle out at

some distance from the impact point after their discharge momentum has
been dissipated.
20. For a mud flow to occur and be sustained, the concentration ;

of the suspension must fall within some fairly wide range.“ Reported %

values of the upper and lower limits vary widely. No doubt, the

e g

limits depend upon a variety of factors, including in particular the

type of sediment in question. Typical values for the lower limit are

I — e g

around 10 g/%, and for the upper limit, values of 150 to 300 .t have
been reported. It should be emphasized that these are not well estab-
lished numbers; the important point is that there are upper and lower i
bounds on the concentrations at which mud flows may exist.
21. Below the lower limit, the sediment concentration in a suspen- :
sion may still be great enough to be distinctly visible as a turbid A

cloud. This is of significance in laboratory testing because the turbid




PRI T T TR A wme e Reinee rms memen

T T YIRS TR e A e e

.

- T T— 3t aaduie i ) am—— T think S gt TYTETTEET R TR R T ER AR T TR

cloud above the mud flow masks the true height of the flow aud methods
or éechniques that do not depend upon visual observation must be employed
to measure this height.

22, As the mud moves away from the impact area the coarse-grained
material settles out of the mud flow and with time forms a sloped mound
that is centered under the discharge point. Depending upon the type of
sediment, its grain size distribution, and the period of consolidation,
the concentration of the wounded mu& can vary widely. Upon completion of f ;

pumping at a discharge location it can be as high as 300 g/% (25 percent ]

solids by weight).

Above-Surface and Submerged Discharge

- 23. An above~surface discharge arches downward under the :
sufluence of gravity until, at the point of impact with the water, its
velr~ity is the vector sum of the discharge stream velocity and the
vertical velocity due to gravity. The vector diagram, Figure 3, illus- ‘ i
trates the case for a horizontal discharge 10 ft above the water surface,
with a discharge velocity of 18 fps.

18 fps

54.7 deg

25.4 fps

31.1 fps

Figure 3. Jet vector diagram
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24, For this example, the velocity of the jet when it hits the
water surface is almost twice that at the discharge. Without taking
into consideration any other factors, an obvious conclusion from this
example is that submerging the discharge can reduce the jet velocity
by a factor of almost two, which in turn represents a reduction in
momentum of the jet by a factor of about three., These are significant
reductions in velocity and momentum of the jet and are a direct result
of simply submerging the end of the pipeline. Submerging the discharge
also eliminates the interactions at the surface that generate significant
turbidity,

25. In a few recent dredging projects, submerged discharge was
used with some success to reduc: the amount of turbidity generated. In
these cases, no special equipment was used to control the discharge
flow and the pipe was simply placed with its open end beneath the
water surface. If the water is sufficiently deep, this method can be
effective in preventing the turbidity from extending up to the surface.
However, the velocitv of the slurry on impact, though considerably
reduced by the decreased height above the bottom and by entrainment of
water in the jet, 1s sf:ill sufficient to generate considerable upward

mixing of turbid water.

Design Goals

26. A mechanical device attached to the end of the submerged pipe

can be designed which would reduce turbidity still further. Design goals

29
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for such a device (referred ‘o as a mechanical processor in this report)
can be developed in part through consideration and analysis of the
mechanisms that generate turbidity anud of the characteristics of dis-
charge jets of dredged materials. The principal goals are as follows:
a. The dredged material slurry should be discharged on or
near the bottom since this is where it will eventually
be deposited. The slurry should be contained on its
trip to the bottom to eliminate mixing and water entrain-
ment processes that generate turbidity in the upper water

column.

b. The slurry should be discharged from the system at the
lowest practical velocity. The object should be to estab-
lish at the discharge a density flow that is characterized
by minimum wator entrainment so that solids will remain

close to the bottom and not be carried up into the

b e kil e e

water column, while still retaining sufficient momentum
to prevent mounding in front of the discharge point.
Since the entrainment coefficient is primarily a function
of the velocity difference between the mud flow and the
adjacent water column, the most direct control over the
entrainment is to reduce the discharge velocity to very
low levels.

c. The diffusion of the slurry momentum must be conducted
within the confines of the mechanical system to prevent

contact between the slurry and the water column before

S 4 St (5 o B i &AL 1
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E the slurry has been decelerated to an acceptable velocity
? level.
d. The turbulence level in the discharge flow must be con-
trolled at a level that does not unduly enhance the ?
1
entrainment prccess. The energy and momentum levels of
] the slurry flow are very high and require the use of dis-
' sipative device: to reduce turbdulence to an acceptable i
E E.
3 level.
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CHAPTER III: SYSTEM DESIGN STUDY

Zntroduction

27. The technical feasibility of the submerged discharge concept
was establiéhed through the laboratory test model program that is described
E in subsequent chapters of this report. The objective of the system design
' study was to demonstrate the operational and economic feasibility of a

full-scale system comprising the proposed processor design and the crane

barge from which it is deployed. 1In the following sections design require-
ments for the processor and barge aystems are reviewed, installation and
operational procedures are described, cost estimates are presented, and

a field demonstration program is proposed.

Design Requirements i

’ 28, The effectiveness of the submerged discharge system depends
on control of the location and properties of the discharge jet, and on
the ease with which the mechanical processor can be moved and manipulated. f
The detailed requirements that collectively satisfy these needs are out-
lined in the following sections.

: System Components

29, The system will consist of a submerged discharge processor that

conditions the flow prior to discharge and a support barge that positions

the processor and attaclies to the end of the dredge pipeline. 3

32
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Location of Processor

30. The processor will be adjustable so that the submerged dis-
charge will deposit dredged material slurry on or near the bottom. This
short distance between discharge and deposition will afford minimum oppor-
tunity for upward mixing of the discharged flow with the water column.

Entraioment Control

31. The dredged mixture will not come in contact with the surrounding
water until it reaches the location of the submerged discharge near the
bottom. This guarantees that no entrainment, mixing, or attendant tur-
bidity generation can occur until after the slurry is processed and ready
for discharge.

Discharge Momentum Control

32. The momentum of the dredged slurry will be reduced in the pro-
cessor so that upon discharge the mixing of the slurry with the water
column will be minimized. This will be accomplished by reducing the
flow velocity as it passes through the processor, thereby reducing the
discharge velocity of the slurry.

Mounding Control

33, Equipment and procedures will be designed so that mounding of
the discharged sediment under the processor will not be permitted to
Lury or plug the processor or otherwise interrupt the dredging operation
befofe the pipeline would normally be moved to a new location.

ngsical Limitations

34, The processor size and weight will be kept within practical

limits to insure ease of handling and minimum downtime during moves from

33
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one discharge location to another. The barge size will be limited to that

required to manipulate the processor in a safe and stable manner.

Abrasion Resistance

35. The processor and attendant dredge plumbing design will minimize
abrasion by proper design and the use of protective cover plates, liners,
and shoes.

Sediment Gas

36. The processor design will employ a means of suppressing or
eliminating the turbidity that is generated by the presence of entrained
gas in the dredged slurry.

Anti-clogging

37. Normal amounts and sizes of debris and stones will not
create blockage or cause the processor to be completely plugged. Not
only could excessive blockage degrade the performance of the processor,
but it could also cause the discharge pipeline pressure to increase
sufficiently to create a safety hazard.

Operating Life

38. The submerged discharge system will be capable of an average
operating life of dredging service., Its design will emphasize simpli-
city of operation and ruggedness of construction as the means of
achieving high reliecbility.

System Operation

39. The submerged discharge system will be designed for maximum
practical use by dredge operators. It will interface simply and com-

patibly with pipeline systems that are in current use., Dredge pipe and

34
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fittings will be used throughout the barge plumbing system to eliminate H 1

o e 8,
i

the need for special parts. The design will insure ease of handling

and adjusting the processor, and ease with which the barge is moved to

R T S P

a new discharge location,.

E Processor Design

Fre—
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Principle of Operation i ;

3 40," The function of the processor is to reduce the velocity of :

the dredged slurry and to isolate it from the water column during the

process of diffusion, The lower discharge velocity reduces the velocity

P Vo I

difference across the mud layer - water column interface which in turn

: lowers the levels of fluid shear and turbulence at the interface as

Ce D e e e,

well as the rate at which turl-id water mixes into the upper water column.

o e 2 L2t LB S Tt e 2 St

i ‘ The processor design must incorporate the charuicteristics of a flow

TP

diffuser in that as the dredged slurry passes through the device the

cvoss-sectional flow area increases gradually until the desired velocity

e~

reduction is realized.

" ey e
=

41, This can be 1llustrated by considering the flow through a ; ;

conical diffuser (Figure 4). For a steady-state flow condition, the

mass f1 w rate into the diffuser must equal that out. Consequently, : i

TRy T T [T
<
<}

i R

A4

Figure 4, Conical Diffuser
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(pVA)L = (pVA)d = w (1)

where

©
[ |

density of the slurry

A = cross-gectional flow area

vV = veloclity of slurry

4

w = mass flow rate of slurry
subscript 1 = inlet conditions

subscript d = discharge conditions

For an incompressible slurry equation 1 reduces to

(VA)1 = (VA)d (2)
or
Vi Ad
Vd - AL (3)

Equation 3 says that the velocity reduction ratio is given by the
area ratio. The atove illustration is based on the assumption that the
flow of slurry always fille the flow area and that the velocity is
constant over any cross section (one-dimensional flow).

42, In the submerged discharge system, the flow path of the
slurry is generally established by the physical arrangement of the major
components. The processor will be lowered close to the bottom where it
will be well below the elevation of the pipeline. The flow through
the pipeline will be turned downward and will approach the processor
inlet from above through a vertical section of pipe (Figure 5). Within

the processor, the flow wili be turned from the vertical to a near
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horizontal direction so that it discharges in a radial flow pattern

parallel to the bottom,
Flow in

1Y
N B

: I
i C
i |
i

| I

Horizontal
- \ L / Discharge

._._._+_
Bottom
/
/

Figure 5. Flow schematic through processor

43, The velocity of the slurry can be reduced in the processor
by either of two methods. In the first the slurry is allowed to jet
into a relatively large volume where its excess kinetic energy ia
converted to frictional heat through the formation of an extremely
intense and vigorous system of vortices, eddles, and large-scale
turbulence. Since the thermal energy cannot be easily converted
back to kinetic energy, it is lost to the environment and tharefore
creates an added load on the pumping system. Auny large-scale turbulence
present in the discharge flow increases the mixing of turbid water with
the water column and representt another mechanism of turbidity genera-

tion.
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% _ 44, In the second methed the slurry is slowed down as it passes

through the processor by gradually increasing the cross-sectional flow

area along the flow path. During this process very little energy is
lost (only to wall friction) if the diffuser is designed properly, and
virtually all of the excess kinetic energy 1s converted to potential

energy in the form of an increase in static pressure. Bernoulli's

R

equation (equation 4) expresdeé the relationship that applies for one-

‘dimensional flow conditioms.

P +-% sz + pgh = constant (4)

where

R e I WY LS
o

p = static pressure

s Lo s Pl £ oy S S

Lo s

V = glurry velocity

h = elevation above a datum

PN S

p = slurry Jdensity

T

T

i g = gravitational acceleration @
F. 4
% 45. In this design the flow is guided gently go that there is no !
] | _
% blatant source of flow turbulence. Consequently, at discharge the flow i

is quiet and free of large-scale turbulerce if the entrance flow to the

diffuser 1s of the same quality.

éi 46, Based on these considerations, the low~loss diffuser design
was chosen for the processor for the following major reasons: (a) the
turbulence level in the discharge flow must be as low as possible to
minimize mixing at the discharge flow/water column interface and (b) the
procegsor must produce the lowest possible losses to minimize the addi-

tional load on the pumping system.

o il
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47, The concept for the processor design develops around a two-

stage diffuser as shown in Figure 6. The first section is a 15-deg

axial diffuser with an area ratio cf about 4:1, The l1l5-deg angle 1is

s the largest expansion angle the flow can negotiate before separation

3 : sets in and causes the flow to jet. ‘This section is faired into a com~
; bined turning and radial diffuser section that turns the flow radially ;
outward. The flow is further diffused by increasing the radius and the
circumference of the discharge opening. The radial section also has an
A area ratio of about 4:1 so that the overall expansion ratio of the ;
;1 processor is approximately 16:1, A pipeline flow velocity of 20 fps i
; would be reduced to 1.25 fps at the discharge of the processor. The %

momentum of the flow would bhe corvrespondingly reduced by the same factor

of 16:1.

Flow In

+ e ‘.- i
L
¢ {
; !
; Axial :
5? Diffuser . é
f X Section ' ;
| '
| 15° :
ﬂ Turning é
& Section \ i
. ! ) Radial Diffuser ) i
i T \ Section i
‘) ! \ i
DA k\ "
- '//] ' — i
Flow 4 KA§ .h»‘ Flow
’; out ’l k r Out %
J'

Figure 6. Schematic of the diffuser processor design
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48. Because of limitations on the size of the processor, its
shape will still create regions of separation in the flow through it.
The turning section is designed with the shortest practical turning
radius in order to keep the discharge diameter to about the same
dimension as the overall length. As a result of the short turning
radius there will exist a region of separation around the impingement
point (A, Figure 6) wherein the flow readjusts itself to a smoother
transition to radial flow. A smaller region of separation is also
expected to occur at the end of the turn on the short radius streamline
(B, Figure 6). These reglons of separation tend to improve the flow
pattern at the expense of energy lost in the eddies and vortices that
form their cores. Generally, these losses can be eliminated by re-
shaping the passage walls (e.g., adding an impingement cone) or by
forcing the flow into the required pattern (e.g., with a set ¢i guide
vanes). The experience with such flow control devices in dredging
operations is that continuous exposure to the abrasive slurry quickly
wears the metal structures and the repetitive impact of stones and
debris eventually destroys a structure that extends into the main
stream. But these are design problems that can be minimized by more
rugged structures and greater abrasion resistance. The drawback to
guide vanes is that they act as a strainer for debris and stones and
very quickly cause the processor to plug up, which introduces the
hazard of overpressurizing the entire pipeline, Dredging operations

must be halted while the unit is cleared of debris (no easy task) and

40
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put back on lin:., Because they introduce a worse problem than the one
they solve, guide vanes were ruled out of the processor design.

Full-Scale Design

49, The preliminary design of a prototype processor has been
developed to the extent of satisfying design goals and identifying
fabrication problem areas. The proposed design is shown in detail
in Figure 7 for 12-, 18-, and 24-in. pipeline systems. Geometric
similitude is maintained over the size range shown so that all units
display the proportions shown in the section BB view, The design
incorporates a 15-deg conical diffuser section (E), a turning and
radial diffuser section (F), and an impingement plate. The two.
diffuser sections fair together and are joined to form the diffuser
assembly which is flange-mounted to the system pipe. The impingement
plate is structurally supported by the diffuser assembly through an
array of bolted struts.

50. Discharge Area Adjustment. The discharge area can be adjusted

by changing the length of the support struts and in turn the height of
the circumferential discharge opening, L. The recommended adjustment
range for L is between one-half and one times the pipeline size. The
lower limit is determined by the expansion profile through the processor.
Above the upper limit, the flow will not fill the opening height, L.

In Figure 7, the L dimension is shown at 5/6 times pipe size, which
represents a good compromise between the expansion profile and radial

flow conditions,
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51. Stone and Debris Limits. The radial diffuser and impingement

plate are parallel conical surfaces that slope down 10-deg (M, Fig. 7) from : !

the horizontal., Stones and debris roll down the sloped surface and auto-

e D A e St el Ll

matically clear the unit with the help of a small gravity component

o

(0.17 g) and the drag exerted by the flowing slurry. The largest

spherical object that can pass through the processor is determined by
the height of the discharge opening, L, which can vary from one-half _ :
to one pipe diameter. For the setting shown in Figure 7 (5/6 times
pipe size), the 18-in. processor can pass a 15-in.-diameter stone ' ;

which is probably as much as the pipeline fittings (i.e., elbows, ball

and socket joints) and centrifugal pump are able to pass. In the
tangential direction, debris might have a tendency to hang up on or
breech the struts. As shown in Figure 7, :the spacing is approximately

e vape dian . or for eight struts which is about the same as the

it v e el o " a =

Ma Lium opening (Lmax)' In the final design, the number of struts

; will be limited to that required to satisfy the structural needs.

OGS bohed s 1 vt o S

52, Abrasion Resistance. The impingement plate of the processor

is subject to the most abrasion because it is exposed to the direct _ ;

impact of the flow. fact that the plate is in a region of the
processor where the velocity is reduced to about one-quarter of that

in the pipeline should relieve the problem somewhat, but nonetheless,
an abrasion plate is u: :0 protect the center portion of the impinge-

ment plate. The sizingy of the support struts will include provision ;

for high abrasion levels along their leading edges. Otherwise, the
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F ? wall thickness of the processor body shell will be sufficlent to provide
| adequate abrasion resistance. A 5/16-in. thickness is used as the basis

for the preliminary design estimates.

; f 53. Sediment Gas Entrapment. The laboratory program revealed

that turbidity is generated when entrained gas bubbles coated with
sediment are released from the slurry. During the trip to the surface

these bubbles shed some of the coating, and after the bubble reaches

the surface and breaks; the remainder of the coating settles through

the water column., Since entrained gas is commonly found in significant

e e o e

: quantities in bottom sediment (5 to 30 percent by volume in upper

Chesapeake Bay*), provision for its entrapment is incorporated in the : i

processor design. This is implemented by an annular shroud, roughly
square 1n cross section, that traps the gas bubbles as they rise out

of the discharge slurry., The shroud is vented so that the trapped

o e 4 kol ke

gas can escape to the atmosphere through hose lines that terminate
above the water surface, Provisions for two of these vent systems
are shown in Figure 7. In the final construction design an assessment

of sediment gas flow rates will be used to determine the size and

number of vent lines and to finalize the shape and dimensions of the

shroud cross section.

54, Processor Specifications. The reccmmended full-scale

processor is based on an 18-in. pipeline system. The specifications

for the unit are outlined below (Figure 7):

*Verbal communication, Dr. M. Grant Gross, Director, Chesapeake Bay
Institute, Johns Hopkins University, Baltimore, Md., April 1977,
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Pipe ID
Overall height
Ovarall diameter

Shell thickness

Prccessor discharge area

Area ratio, Pipeline area
Flow rate, 20-fps pipeline velocity
Discharge velocity

Material

Dry weight

Fabrication Considerations

18 in,
96-7/16 in.
96 1in,

5/16 in.
17.8

4712 cyh
1.1 fps
Steel

2880 1b

55. The processor should be a welded fabrication in sheet steel.

Welding preparations and procedures shoulid be in accordance with accepted

practices for the dredging industry. The conical diffuser section can

be formed by rolling and welding a template for the frustrum of a cone.

The same template may be formed in halves or thirds by a succession of

braking operations and the sections welded after ferming. The mounting

flange will be reinforced by a series of welded gussets since the pro-

cessor 1s supported solely through this connection.

56, The turning section of the processor will be the most

difficult section to fabricate because it is a surface of compound

curvature. It can be hydraulically press-formed or spin-formed,

both of which are quite expensive because of tooling costs. An

acceptable hydrodynamic approximation of the compound curvature sur-

face is the piecing together of identical tangential petals that are
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curved only in the radial-axial plane and can be bent from flat stock.
Since the welded petal assembly must interface with the conical diffuser
section, the latter would be formed by the same technique and the
transition from polygon to circular section would be located at the
mounting flange. The gas shroud and the impingement plate can be

fabricated with continuous curvature or by the tangential petal tech~

nique.

Barge Design

Functional Requirements

57. The role of the barge in the submerged discharge system is
to provide support and handling capability for the processor, It must
be easily coupled to the last section of pilpeline and must serve as
the pipeline anchor barge. It must be .equipped with a derrick system
that can raise, lower, and support the processor at a fixed =levation
for long periods of time during dredging operations. The barge must
also provide a platform on which the processor can be set while it is

being adjusted and serviced or while the barge is beingr%?vad tc a new

location.

Design Details

)

58, The proposed design for the submergedifischarge system is
presented in Figure 8 for an 18-in. pipelinw, [, 45- by 20-ft barge

provides sufficient space to accommoda:e the lifting system, appropriate
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piping, and the processor. The overall height of the system is 27

g
i

ft, the draft 1is 18 in,, and the overall height above the waterline is
25,5 ft.

r 59. Pipeline System. The onboard pipeline is arranged along the

g centerline of the barge where it is secured by standard pipe clamps

E at a centerline height of 18 in. off the deck and 4 ft above the water-

é : line. The pipeline system connects to the last section of pipeline by E

means J{ a standard 18-in. ball and socket swivel that accommodates

{ singular misalignment between the discharge barge and the last pontoon
' float.

1 60. The most reliable pipeline arrangement for handling the pro-

cessor and the pipeline is felt to be the pivot-boom system shown in :

Figure 8. The pivot boom is a section of pipe that is hinged at both

ends and 18 ‘nstalled between the rigid piping on the barge and the ' ;

o midialtaan st

i processor pipe section. By raising and lowering its free end, the
i pivoted pipe acts as a boom support for the processor and simultaneously

3 . carries the dredged slurry to the processor. The concept of a vertical

FERPE BTV ML 0

i hoist and flexible vpipe (sand suction hose) was considered as an
Y -
E f alternative methcd. HKowever, it was rejected because the bend radius

‘ of the hose was too great to negotiate the necessary angular excursion

e fal s T A b e

and the reaction forces of the hose to vertical displacement of the pro-

!
; ‘ cessor wvere sufficiently large to move and tilt the processor gso that !
¥

T Sl W PRI BT,

at best the control over its positioning was poor.
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: 61. The angular requirements fc¢: the pivots are sec by the rota-

s
2 T 4

i tion of the bocm section. At the full "up' posir’ n the procesauy
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(bottom) 1s 1 ft above deck leval and the boom is at a 45-deg elevation
5 - angle (Figure 8). At the full "down" position the processor (bottom)

is 28.5 ft below deck level (26-ft draft) and the boom is at a depression

LTy e

angle of 75 deg. The total vertical travel is therefore 29.5 ft and

the angular excursion of the boom and each pivot is 120 deg. These

Lt > el

angles are far beyond the range of a ball and socket swivel (17 deg)

bt

oxr even a group of several swivels and can be accommodated only by a

. rotary joint. Each pivot is made up by mounting a standard 90-deg
elbo - to a 90-deg rotating elbow such that the rotary joint 1is between
the two. As shown in Figure 8, the pivot assemblies cause the boom
section to be offset from the piping centerline by two elbow radii of

about 3 ft. The weight of the cffset boom creatas a moment and a shear

e e e aian St b ke

force that must be supported by the rotating joint.

B

62. All of the components of the pipeline system are available
in the dredging industry and should be assembled using methods and

practices that are acceptable in the dredging field. A ball and socket

Sy TP SR St

fitting may be modified for rotary service; otherwise, the rotating

T ST 5

- T S TR

TR e L

elbow can be ordered as a special 1item.
.63. Barge. The smallest barge that satiefies the needs of the

submerged discharge system i1s 45 ft long by 20 ft wide by 4 ft deep.

O T o

R W

o

A barge of this configuration and size 1g readily available from

e 2 sl

TRWRL

manufacturers of amall barges. The pinellne system is positioned on ;

the deck (Ffgure 8) sc that whten the processor is in the [uil "up” ;

3

3 L
s

9

et g St Y

nogition it is inside the envelope of the dgck ané c&a be lowered onto

a deck cradle. Tnis operation necessitates the 10- by 19-ft cutout

STIVCTT,
Sl 2 gl il g
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from the end of the deck so that the processor and boom section can
move up and down without interference. The processor 1s supported
on deck by two beams that span the cutout and rest on the pontoon decks.

£

64. The barge design emphasizes rugged construction because the ~

At et

vessel must withstand the rough conditions assoéiated with normal

g : dredging operations. A construction detail of the barge is shown in

: Figure 9. The hull is fabricated from 1/4-in. steel plate on sides
and bottom and 3/8-in. plate on the deck. The internal structure con-
sists of longitudinal and transverse bulkheads with reinforcing
structure between. Foundations are provided for the four derrick legs
and the six anchor bits. All internal surfaces are protected by an
anticorrosion coating.

65. Derrick System. The derrick system consists of the support

structures and the winch asgembly (Figure 8). The derrick structure

] is a fixed A-frame that is supported by two diagomal legs and is posi-

i tioned directly over the processor when the latter is a. the full "up"

?V ' position. The winch package consists of a hydraulically driven wiach
g é and a diesel engine power plant. The winch is rated for at least

§5 | ‘ 10,000 1bs. The cable supports the load through a pair of cable

% ' blocks so that the maximum lifting capacity of the winch system 1is

% 20,000 1bs. The maximum anticipated hook load is 14,500 lbs so the

? system has a minimum margin of 38%. Winch features include variable
5- , ; speed control, direction ccuatrol, hydraulic load holder circuit, and
Eé: ; braking systems for normal operation, shutdown /-nditions, and for
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; ‘ failsafe protection should all other braking systems fail to function.
: The winch package will include a self-contained fuel tank.
% Burge Specifications
E Pipeline size - 18 in. ’
; ' Barge length - 45 ft ;
width - 20 ft t ;
height - 4 ft %
draft, loaded - 18 in. é
weight - 35,000 1ibs
Overall height - 27 ft |
Height above WL - 25.5 ft %
; - Lifting capacity - 20,000 1lbs
i
Maximum hook load - 14,500 1bs |
Lifting range - 29.5 ft %
Maximum processor draft - 26 ft é
N Total system weight - 50,000 1bs E
% v System Operations g
i
' Dredging Cycle ; é
. ;j 66. The recommended operating procedures for the submerged dicr- ;
% ‘- charge system are those for the ordinary discharge targe with thc : é
;; %. exception of certain adjustment.s that must he made to the processor. { f
; 5' These can best be illustrated by reviewing the events in a wormal i z
? % dredging cycle. Presuming the submerged discharge barge is assembled i é
¥
: %z :
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and in operating condition with the processor resting on its deck cradle
and the pipeline i{s assembled on pontoons and in position, it is recom-
mended that a work tug tow tha barge out to the discharge end of the
pip:. . a1 hold the barge in position while the connection to the
pipe. ‘ne 18 made. The tug then should position anchors and secure the
wubmerged discharge barge at the first discharge location., A sounding
should then be ~ade to determine the water depth., The first depth
setting 1s determined by subtracting the desired height of the processor
above bottom from the water depth, As an example, assume the sounding
indicates a water depth of 16 ft, and it is desired to operate the
processor 2 ft off the bottom. The processor should be lowered to a
depth of 16 ft less 2 fz or 14 ft. The dredging operation should begin
once the processor is set at its initial depth., As dredging continues,
the settled slurry begins to mound in the immediate vicinity of the
processor, After a perfiod of time, the mound increases in diameter

and height until it reaclies the level of the bottom of the processor.
Without interrupting the dredging operation, the processor should be
raised another increment (Z £t in the example above) so that it does
not become inundated by the niound and possibly plugged. The mound-
building proczss contlnues ns before except that with each successive
equal vertical increment 1t takes 1 longer tiwme for the mound to reach
the tottom of the processor (because the incremental volume is increasing

as the mourd grows higher). The procedure is repeated as the mound

continues to build toward tne surface.
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Mounding Characteristics

67. The principle of operation of the processor design causes the
slurry to be discharged at low velocity without dilution so that the
slurry tends to settle out quickly and mound in the immediate vicinity
of the discharge point. As the mound builds under the proccssor, the
critical shear slope 1s exceeded and the sediment probably moves radially
outward until the slope is reduced to the critical value or less. The
gross effect is that the height of the mounded sediment falls off
linearly with distance from the procesasor so that the mound share is

approximately conical. In the absence of current, bottom slope, and

terrain features, the mounding geometry appears as shown in Figure 10.

Discharge
arge
Water Surface T\\\\\
/ AN
Mounded |
Sediment
Bottom
H S
¥
{
R —

Figure 10. The conical mound

68. The dynamics of the mound formation can be modeled by equating
the volume of solids in the mound with that pumped throug! the pipeline.
That fraction of solids carried off in the water column and not deposited

in the mound is assumed to be negligible. The vcolume of solids in the
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mound is given by

v~ Ixfup (5) f 4
where:

Vom = Volume of solids in the mound

R = radius of rie conical mound

H = height :f the mound

qm = golids ratio by volume, mound material !

The volume of solids ‘pumped 1s expressed by

<3
L}

T 2
op " % D VTBp (6)

where:
Vsp = volume of solids pumped
D = inside diameter of pipe

V = flow velocity in pipe

T = total dredging time

B = solids ratio by volume, pumped slurry

v AL A el i B

69. Since mound height, H, 1s of primary importance, R can be (

eliminated from equation (5) by the definition for slope, S.

o, O S,

. H
; S=3x 7

Combining equations 5-7 gives the expression for the approximate total

pumping time at one site, T.

(8)
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The proper units for the terms in equation 8 are

f T = days . Z !
R o= g o
] = dimensionless

D = 1in.

A = fps

8 = dimensionless E :

Since the solids ratio by volume is given by

T S

B = L

P
3 1+—§-!‘.-
1 Py (a D >

where:

p = density

) subscripts w = water

bt et 2

s = golids :

S T

p (9) ]

PRe i Lt NS 4

where:

a = solids ratio by weight

el liitar vl b e s ) e £

subscripts m = mound

T

i p = pumped slurry

T

oA
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The final expression for dredging time is

r- Ps 1 )
1 4+ — (T - 1)
1 v p .
T = — X (10)
450 o} 2.2
8 1 SOV
1+ 2 (=—-1)
P o
| w m _

ey et

T E T T T TR R T

70. The property values required in equation 10 were estimated
from field measurements obtained by Nichols6 around open water discharge
operations in Mobile Bay and the James River. Although the slurry
that discharged from the pipeline variad widely in density due to
the movement of the cutter head, these variations averaged out to
approximately 15 per cent solids by weight. Bottom samples indicated
that the fluid mud mound contained approximately 25 percent solids by
weight. Bathymetric.data showed meximum bottom slopes in the range
1:200. Substituting the above values into equation 10 as well as a

typical pipeline slurry velocity of 18 fps gives equation 1l.

T = 8.834 L. (11)

71. A schedule of moves can be developed from equation 10 as
a function of the fluid mud mound height. These data are presented
in Table 1 at mound height increments of 2 ft. The recommended height
of the diffuser above the hottom is specified so that at the end of a
pumping period the diffucer is still one ft above the mound surface.
The data of Table 1 indicate that (a) the adjustment schedule for the

processor is reasonable in that it does not require frequent moves and
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Table 1
Submerged Diffuser Adjustment Schedule

Recommended Height of Diff=- Total Pumping Time (Days) Elapsed * Mound Height
Time user Above Bottom At Beginn- At Disposal Site for Dredge Sizes (H) At End of
Period ing of Time Period, ft 12=-in. 16~in. 20-in. 24-in. 28~in. 32-in. Time Period, ft

st ot i

Lt

T

SR

1 3 0.5 0.3 0.2 0.1 <0.1 <0.1 2 E

< 5 3.9 2.2 1.4 1.0 0.7 0.6 4

PR

S - 3 7 13,2 7.4 48 33 24 L9 6

=
-y

E ’ 4 9 al.e 17.7 11.3 7.8 5.8 4.4 8
5 1 61.3  34.5 22,1  15.3 11.3 8.6 10 3 ]

4 * Elapsed times based on equation 10; fe. ay= 0.15, ug = 0.25, 5 = 1:200, oy = 2.66 g/cci py = 1,01 glee, 3 i
: V =18 fps. 4 3

(b) the moving schedule for the submerged discharge barge will more

S g

likely be determined by dredge advancement than by capacity of the

e

Sithet e

discharge location. In actual practice it is recommended that a

oot s bt

moving schedule be developed for the specific discharge application
and this schedule be used to make the necessary height adjustments : %

at each location. : 1

System Costs f i

f 72. Costs have been developed for an 18~in.-diameter submerged i %

discharge system (Figure 8) consisting of processor (Figure 7) and

barge (Figure 9) completely outfitted and ready for attachment to the ; ‘

end of the dredge pipeline. %

P Processor Cost

73. Processor cost includes labor costs and the construction

ot BagEe e e e b

e o

cost of the hardware. The labor expense represents the engineering

‘,«

Sarpaces

and drafting services required to design the first unit. The price 5

B é of subsequent production units would be lowered considerably because
¢
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the labor expense is nonrecurring. The materials cost is based on
the processor being completely fabricated by an outside vendor.

74, The cost for the first processor for an 18-in. discharge

line is as follows:

Labor Cost $20,648
Materials Cost + $12,938
First Unit Cost $33,586

Barge Cost

75, The barge cost includes the basic barge fabrication (Figure
9) and the complete onboard structure, machinery, hardware, and pipe-
line required simply to connect the system to the end of the pipeline.
Labor charges are for engineering and drafting service and for mechanical
assembly. Follow-on barge systems would reflect a price reduction due
to nonrecurring engineering and drafting charges. The materials cost
for the barge systems includes the purchase of the hull from a small
barge manufacturer. All pipe and fittings and winch machinery would be
purchased from suppliers and installed by the prime comntractor.

76, The cost for the first submerged discharge barge is as follows:

Labor Cost $61,039
Materials Cost + $117,554
First Unit Cost ~ $178,593

Total System Cost

77. Total system cost is made up of the foregoing costs for

processor and barge systems and breakdown in labor and materials

categorles as follows:
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Category Processor Barge System Total
Labor $20,648 $61,039 $81, 687
Materials $12,938 $117,554 $130,492
Total $33, 586 $178,593 $212,179

Field Demonstration and Evaluation

78. The results of the scaled experiments and the system design
study indicate that a submerged discharge diffuser would be effective
in reducing turbidity and technically feasible to build and operate.
Therefore, a field demonstration to evaluate a full-gcale submerged
discharge diffuser appears justifiad.

79. Ideally, a complete system, including the special barge
with its equipment, should be built and tested in order to evaluate
all aspects of the system. Howaver, it may be feasible to adapt an
existing barge and, as a first step, build and evaluate only the
mechanical diffuser itaelf.

80. Regardless of the details of the approach, a demonstration

and evaluation program would comprise certain principal tasks. These

are described as follows.

Task 1: Evaluate Candidate Projects

81, In order to complle information necessary for the design
of the discharge device and barge as well as for planning the project,
existing or planned dredging projects that might be suitable for

evaluating submerged discharge should be investigated, preferably by
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: visits to the sites. The purpose of these viaits would be to obtain x,
"‘ pertinent information about the dredge and its supporting equipment &
L and about the project and its general vicinity. “
; 82. The following are examples of information about the dredge
: that should be obtained:
] a. Dredge type and capacity. f
b. Size of discharge pipeline.
c. Type of pipe and joints used. ’ ﬁ
| d. Pertinent characteristics of towboats used with dredge, |
e. Power available at discharge barge, 1f any. 7
£. Support availlable on dredge (such as machine shop, §
welding, etc.). i
83. The kinds of information required i-. connection with the ;
project and its general vicinity include: %
a. Characteristics of disposal areas throughout the j
planned project. These would include water depth, ‘
bottom characteristics, salinity, and current and wave
ccnditions.
b. Characteristics of sediment to be dredged. ‘
€. Locations of accommodations.
E d. General availability of support, such as machine and : i
. welding shops, marine supplies, hardware, and miscel- ‘
laneous gear.
e. Avallability of services for aerial photography.
3
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Task 2: Prepare Detalled Designs

84, In this report, the design of the diffuser was carried t; the
point where i¢ couid be fabricated from the drawings ayailable. However,
before drawings can be released for fabrication, tha'QQstem-must be
carefully integrated with the project selected for demonstration.
Depending upon what types of pontoons or barges the particula?'dredge
has, it may be that an existiag piece of eqnipment qould be quified
for installation of the discharge device. However, it should be
emphasized that the barge and discharge device comprise a system which,
if it 1is to work properly, must have all parts carefully iutegfated.‘

85, Although the iuatial application would be a demonstration to
verify che fulj-scale performaﬂce of this concept, the device should
be designed for exteuded operations. The design should be rug, 2¢ and
materials should be selected to resist_wear and to nperate satisfacto;@ly
ip a marine environment. In addition, the device should he outFitﬁed
to facilitate measurements and observations; sﬁch as provisions for
campling taps and possibly flow sensing.

Task 3: Construct the Diffuser System

86. Dependiag upon the location cf the project selacted for the
demonstration and upon the Corpe of Engineers' facilities, the discharge
device might be built by a contractor while an existing barge is out-
fitted by the Corps. Another aiternature would be for the Corps to

contract for the entire system.
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87. in any event, congtruction wbuld be based on the design
drawings developed in Task 2, and should be of a quality that is’con—
distent with fhe best érade of hardware that is ge~ erally considered
good pracgice in the dredging induscry.

Task 4: Conduct Field Evaluation

B88. Field evaluation would consist of monitoring the initial
dredging operations (no diffuser) for a period of 3 to 5 days. It
should include aerial photography to record the extent and nature of
the observable discharge plume.

89. Water samples should be taken and transmissometer measurements
made, if possible, to establish the degree and extent of turbidity in
the water column both near the discharge point and downstream in the !
plume. Samples should be taken near the bottom in order to determine
whether or not a mud flow is being generated.

90. If the water depth allows, stakes should be placed to serve
as references tc determine the amount and extent of mounding, if any,
in the vicinity of the point of discharge. 1In order to characterize
the slurry being dischur_ed, .amplea shouid be withdrawn periodically
from the pipeline near the discharge.

91. The following specific subtasks would comprise this phase
of the demonstration:

a. Make necessary visits to coordinate effort and to
arrange for all support services required.

b. Prepared the field test yian.
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. Conduct all monitoring and field operacions,

io

[N

Analyze samples and reduce data.
; . e. Prepare final report.

; Schedule

é , 92, The recommended field demonstrativn and evaluation would é
require approximately seven months to complete. The estimated time ;

1 would be one month each for Tasks 1 and 2, two months for Task 3 and é ?
three months for Task 4. The total time required would be seven moﬁths. E ‘!
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CHAPTER IV: BASELINE TEST PROGRAM

Purpose and Scope

93. The selection of the diffuser described in the last chapter was b

based primarily on a laboratory test program of four designs reletive to
a baseline condition. The baseline test program was designed to explore
the bhysical chéracteristics of the fluid mud and turbidity systems that !
typically develop around those open-water discharge configurations that
are in common use in hydraulic dredging operations. Inasmuch as the pro-
gram was a laboratory effort, the discharge configurations had to be
scaled down to a size that could be conveniently tested in a laboratory
facility. The performance data from this program constitutes the
reference base against which the performance of each processor design was
compared and evaluated. These data were also used as the source data
upon which the predictive correlations were established. In this section
the open-water discharge pipe configurations are described, the system
parameters are outlined, scaling considerations are discussed, the
laboratory test facilities and procedures are described, and the results
and conclusions of the baseline program are presented and discussed.

The processor testing program is discussed in Chapter V.,
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? Test Plan

94. The objective of the laboratery test program was to assess fhe
performance of several typical open-water discharge configurations, both
above-surtace and submerged, at one representative operating conditicn and
then'to establish the performance characteristics of the most commonly
uséd configuration over a range of operating conditions. The evaluation
i j was made in terms of readily measurable properties of the turbidity
ard fluid mud systems within thé physical limitations of the laboratory
test facility.

Submerged Discharge Configurations

95. 1In order to benefit from past experience wnere submerged
discharge haa been used in the field, JBF Scientific Corp. conducted a
nationwide survey of Corps of Engineers district offices and dredging

contractors. The notes on the survey are included in Appendix A. A

total of 20 contacts were made including 16 district offices and 4

TSI NS

contractors. Of these, nine (eight districts, one contractor) had no

BT T

experience with submerged discharge and three had used the techniques

! , ' but had kept no records of these applications. Of the remaining eight

users, half were handling coarse sandy materisl and the rest were handling
fine-grained material, The sand dredging operations utilized submerged

%‘ discharge in some cases as a means of improving the placement accuracy |

. of material on the bottom and in other cases as a means of providing more
accurate mounding control particularly where minimum water depths were

: % prescribed. The submerged discharge wus used in maintenance dredging
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8 operations either to reduce surface turbidity or to place the discharge

o L

material more accurately on the bottom in trench backfilling applications.
Of those that documented their experience, half reported a noticeable ;
reduction in surface turbidity with the use of submerged discharge (as

compared with above-surface discharge). The other half reported no

e e i L L

improvement in surface turbidity with the use of submerged discharge.

The latter group was composed primarily of those engaged in sand dredging
3 | operations, where the material was coarse, and relatively free of the
fine-grained material that generally causes turbidity plumes.,

96. The submerged discharge configurations that were used in the

e,

reported operations included bleeder pipes, a baffle or deflector plate

on the end of the pipe, aud the simple pipe termination without attach-

ments. The bleeder pipe was slotted over a considerable length to

plrateglis S ps Ay

promote dispersion of a sandy, turbid mixture over an extended bottom

F
H
§e
b
!

area and to simultapeocusly reduce surface turbidity. The design did

AT L

not reduce turbidity significantly, and it still created mounding prob-
lems; consequently, its use was curtailed. The baffle or deflector
plate on the end of the submerged pipe served us an impingement plate

h‘ ' | that dispersed the dredged material over a wide bottom area in order

to reduce mounding at the impact point. This design was used by
Williams-McWilliams Co. with dredged material ranging from coarse sand
to clays. They reported a reduction in apparent surface turbidity with i
3 its use.

# ?“ 97. The most commonl!' used termination was the simple pipe without

3 : attachments, probably because it could be lowered into the water to
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the desired depth without significant modifications to the discharge
system, An elbow and straight extension could be added to orient the

discharge pipe vertically downward. Atkinson Dredging Co. reported

the use of a vertical submerged discharge for very coarse dredged material

(sand and shell) with an attendant reduction in surface turbidity.

98, JBF Scientific Corp. performed a study around a cutterhead
dredge operating in Mobile Bay ship channel during the summer of 1976.
The submerged discharge configuration was a single pipe termination
that was implemented by lowering the last length of discharge pipe into
the water to the angular limit of the last ball and socket fitting.

The discharge pipe rested at a depression angle of approximately 20 deg
from horizontal so that the end of the pipe was 4 ft below the surface
in 12-ft of water. JBF personnel had the opportunity of witnessing an
above-surface discharge and a submerged discharge under identical
operating conditions of the dredge system (including dredged material),
and c'ncluded that the submerged discharge generated less surface
turbidity than did the above-surface discharge.

99, On the strength of the survey results and JBF experience,
the selection of discharge configurations included the following:

a. Horizontal pipe, above surface

b. Horizontal pipe with baffle plate, above surface
c. Horizontal pipe, submerged

d. 20~deg pipe, submerged

e. Vertical pipe, submerged
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The horizontal above-surface pipe with deflector plate was included to
show the effects of dispersing the dredged material before it hit the
water surface.

100, The test plan was arranged so that each of these five confi-
gurations was tested under identical operating conditions, thus enabling
a direct comparison of the performance of each at that single condition.
The remainder of the program was directed toward the testing of the most
commonly used submerged configuration over a range of operating condi-
tions. On the basis of the survey results, the 20-deg submerged pipe
was selected as the most commonly used configuration.

Scaling Considerations

101, In order to use the results of laboratory tests to predict
the behavior of full-scale mud flows, a knowledge of the scaling laws
is necessary. The fluid mud system generated by an open-water
discharge follows the basic laws of a gravity flow in which kinetic
energy terms and potential energy terms are directly related. The
relatinnship is expressed conventionually in terms of the Froude number
which represents the ratio of intertia forces to gravity forces and

is given below in terms of fluid mud parameters

F o ——— (12)

where V is the forward velocity of the head wave, g' is the apparent

acceleration of gravity, and h is the height of the head wave. The
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value for g' is given by the net buoyancy of the denser layer relative

to the less dense medium by:

M
o |8 p}g

The density of the fluid mud is given by P and that of the surrounding

U

water by p. With the gravity. term corrected for buoyancy, equation 12 -

is referred to as the densimetric Froude number. The expression for

head wave velocity is vbtained directly from equation 12 for the steady-~

St T I gt SRR R e T

.

state case where the Froude number is constant.

! : v - F\/ (%9) gh (13)

A S AT A SRS
i

? . The scaling procedures that were used in the laboratory pro-

gram generally followed the recommendations of Middleton for the small-

L vt ton e ML L e L it S 2 A et

scale modeling of fluid mud flowu.5 These procedures are listed and

S o S s 3 T LA W

! discussed below. ; [
a. Froude numbers were kept constant for model and proto-
type (i.e., full-scale).

b. Reynolds numbers for the head wave were always in the

turbulent regime (Re > 1000)
! Froude number reflects the fundamental behavior of the gravity-driven ; i
:l: B
% flow, dictates some of the second-order effects, and establishes the 3 1
) ; R

relationship between head wave velocity, mud layer thickness, and density ; 3
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difference of the turbidity system according to equation 13. The
moving sediment wave interacts with the water column and generates
friction forces between the fluid mud flow and the bottom surface. A
similar friction force is created at the upper interface between the
sediment wave and the upper water column.

103. The friction condition at the bottom interface 1s the same
as that for open channel and pipe flow., For fully developed turbulent
flow of the fluid mud wave the friction factor becomes virtually
independent of Reynolds number and is determined solely by the relative
bottom roughness (ratio of roughness amplitude to fluid mud wave height).

The Reynolds number of the head wave is

Re = — (14)

where V 1s the kinematic viscosity of the fluid mud, In the laboratory
test program, head wave Reynolds numbers fell in the turbulent regime,
and the bottom friction factor was insensitive to Reynolds number for

the bottom roughness ratio of the test tank (approximately 1:50).

In other words, from test to test and from model to prototype, the bottom
friction factor was constant. Friction conditions at the upper inter-
face are governed primarily by Froude number with little or no influence
exerted by Reynolds number. Friction factor at the upper interface is
established solely by Froude number and therefore is directly scalable

from model to prototype system.
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104. The mixing conditions that exist at the upper interface

determine the amount of sediment that 1s transported into the upper ' %

TESTHRTT WERL

water column to form a turbidity cloud. Since turbidity control is

a major objective of the program, turbidity and the process of it

generation must be correctly represented and scaled. According to

Middletons. the mixing process at the upper interface is a function

LG waleisisa,

of the Froude number so that at high values the mixing is vigorous,
whereas at low values little or no mixing takes place. Since the thresh-
hold between the two regimes occurs at a Froude number of 1.0, the role

of Reynolds number in the mixing process is at best a minor one. In

the laboratory program the mixing process and the generated turbidity
were scaled between model and prototype systems according to Froude

number. Natural sediment was used in the test program to preserve the

£t P s teenn b b

physicel properties of the sediment (i.e., kinematic viscosity, floccu~

lation proﬁerties) and to simplify the preparation of the test slurry.

SRRV JPSE S

105. The scaling rationale can be summarized as follows:

a. Constant Froude number for mcdel and and prototype

Aot ¢ i i Mt £

systems establishes

(1) Scaling of the basic fluid mud system,

e T T T,

(2) Scaled mixing with the water column,

TR

(3) Scaled friction at the upper intertface,

T A S R 2kt PR L e rm

57 L. Turbulent fluid mud layer establishes scaled friction

: at the bottom interface.

b o e et
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106. The mechanics of Froude number scaling are derived from

equation 12, which is repeated below.

= (12)

If the Froude number is constant and g' is the same in model and

prototype systems, then

<k~

h

£

h
m

where subscripts p and m refer to prototype and model, respectively.

If the ratio of dimensions is defined as the geometrical scale factors,

then
h
s = EB (15)
m
and
XB
vm =+/[s (16)

Substitution of V = L/t, where £ is the general length dimension and

t is time, in equation 16 gives

L t
2 t V
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-Ef- --\/s— (17) !

and

A : Equations 15-17 give the following: A ] ;

a. Length scale = g

P

i b. Velozity scale -\ﬁ;
f ¢ - Time scale = /8 ? f
107. The scaling rationale for the discharge configuration can : i
be illustrated in the case of the horizontal above-surface discharge as % ;
showa in Figure 11. b 3
: P
‘ Discharge i 5
< * > [ ore
| .
. 4 3
K i
e -

Water
Surface

| <
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Figure 11. Schematic of horizontal above-surface discharge

it

TR T R

T

fmram

|
3
3
2
t

74

P s

i - o A U, O PR AT T AEMA TG N AT AR 1o WA MR U € 17 WAL B LT (1 e D AT IAS R LI T

s Rt e L e A e S T b s




ST T T

T TR TR T T e T T m—

Figure 11 shows that the angle of the jet as it entexrs the water surface
mugt be maintained from prototype to model. This simply means that the
ratio of velocity componenta, Vh/Vv, must be constant. The ratio can be
expressed as

Vh i} v

2 W
Vy \/28y

Since Vh is equal to the pipe discharge velocity, Vd,

\J \)
L - (18)

v,
v \/2 \/8Y
Geometiic similitude can be expressed by the ratio x/y as follows:

X vh | Vd
-y- = 2 V- -\/2 —_— (19)
v gy

o

Equations 18 and 19 are both functions of the discharge Froude number,

Fd’ where,

(20)

Equations 18 and 1% express the fact that Froude number scaling of the
pipe discharge velocity, Vd, and the height of the pipe above the water

surface, y, will guarantee geometric similitude between model and prototype.
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“he gravity term in equation 20 is the eartl's acceleration for the

ek e e M shcrs

above-surface discharge since this is the effective acceleration acting
to deflect the discharge jet. Since the pipe discharse velocity and

discharge dimensions must be scaled by Froude number to maintain geo-

L. trical and dynamical similitude, the scaling relationships for slurry 1

flow rate is derived from the equation E i
T L2 : :

\ Vd(4 ¢ P

1/2 : ]

Since discharge velocity, Vd’ scaies as s and discharge pipe diameter,

5/2

d, scales as s, volume flow rate scales as s .

‘ 108. The scaling rationale for the submerged discharge configuration

b i more complicated but basically similar to that develored for the %
;
A above-surface case. { ;
i :
B Water Surface ?
h z !
j - - : i
E g — x ] Dischax {
ﬂ Pipe : ;
! I
* - : F
k
3

LMra 3 e mimatin

3 ) Figure 12, Schematic of horizontal submerged discharge
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Figure 12 shows schematically the horizontal submerged dischar,2 jet
system, Upon discharging into the water column, the jet immediately
comes under the influence of the apparent gravity field (due to the
difference in densities of dredged material and surrounding water) and
begins to curve down toward the bottom. The jet also starts to entrain
water which causes its velocity and deasity to decrease. Along the jet
centerline then, the apparent gravity force becomes weaker and the
vertical velocity of the jet decreases. Since the primary force acting
on the system is gravity, in the conversion of potential energy to
kinetic energy 1f is reasonable to expect that similitude would be

maintained by Froude scaling where the Froude number is given by

v
Foa—9
g'y
(pg = P) A
' 4p
= = 21
g 5 8 (p 8 (21)
where: Pq = density of dredged material

y = height of discharge above bottom
109. The results of the scaling considerations can be summarized
as follows:
a. Froude number scaling will be used throughout the fluid
mud system,
b. Actual sediment will be used in all model tests.
c. All linear dimensions will scale according to the

factor s.
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d.  Ail velocity will scale as\/s.

e. Time will scale as- (8.

g : 110. As an example of how the scaling laws are applied, consider ? %

the procedure that was used to size components in the test model. A

N 2 b ke

. ? full-scale system was specified in terms of typical average conditions

] % that might be encounter-1 in the field. These were as follows: : ?
3 7 Dredge pipe inside diameter 20 in, |

; 7 Flow velocity in pipe 18 fps ‘

é Water depth 20 ft

- Height of submerged pipe above 10 ft (middepth) i
E bottom '
E Volume flow rate 17,600 gpm

Practical limitations of the test tank system suggested a scale factor i

of about 20 to 1. This determined the test model specifications as ’ 1

follows: ;

Pipe inside diameier = 20 x-i%- = 1 in, ;

1 %

! Flow velocity in pipe = 18 x = 4,0 fps 3

ﬂ \/20 :
i Water depth = 20 x —%5 = 1 ft

s Height of pipe above bottom = 10 x —%6 = 0.5 ft 5

_ 1 :

: : Volume flow rate = 17,600 x 33 = 9.8 gpm :

Lt ) . H

! (20

-

Test Matrix
111. The test program was designed to evaluate the influence of

several independent system variables on the geometry and behavior of

78




the fluid mud layer. In order to accomplish this with a reasonable
number of tests, each variable was assessed individually with respect

L to a standard refercnce or baseline condition that was determined by

considering average or typical conditions that exist in the field,

reducing these conditions down to model scale, and establishing the
f : requirements for the tank facility, particularly the mud deployment

system. The reference configuration was specified as follows: 1

Discharge configuration Submerged pipe

5 Pipe ID 1,049 in. ID

E Pipe depression angle 20 deg

: Discharge height aboe bottom 1 fe
Discharge velocity 4 fps
Discharge flow rate 11 gpm

Dredged material

A it ancie b, TG (1t L e 1T

source Boston Harbor
type Saltwater clayey silt 5
Discharge solids ratio 23 percent soclids by weight é
% Bottom type Smooth (wood) ;
% Water é
? type Fresh E
depth 2 ft 5
i
g

The 20-deg submerged pipe configuration was selected from JBF field
experience and the survey of users; the above pipe size and flow rate

1 : were commensurate with the avallable mud supply and pump delivery

capabllity, The water depth was set at 2 ft rather than the 1 ft that
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represented the scaled field wacer depth (20 f:) to prevent the water
surface from interfering with the fluid mud cloud especially for those

tests that tended to iIncrease cloud height (i.e., higher discharge flow

A rate and greater discharge height above bottom). The discharge height

3 above bottom was set at middepth in anticipation of the need to test

: : ;
3 . above and below this position. Boston Harbor mud was used because its : }

properties were satisfactory and it could be obtained reacdily in sample-
size volumes. The solids content of 23 pcs (percent solids by weight)
was higher than the 20 pcs planned because of difficulties associated
witn the measuring and monitoring procedures. The smooth, hard tank
bottcem was taken as the standard because its roughness was stable and

repeatable, and it was free of the maintenance, repair, and large addi-

ot

tional mud supply required for a sediment bottom. Fresh water was

selected because the expense of salt water, in terms of time and nioney,

DU P

? could not be justified.

112, Of the foregoing list of system variables, most were treated

AL L W
-

as independent variables and their influence was established by .esting :

E a limited number of values of each variable usually on either side of
) the baseline value, Each variable was tested only with respect to
the baseline conditions; i.e., all other variables were held at baseline

{ values, The matrix of tests is presented in Table 2 in terms of the

ﬁ values around the baseline configuration. The two above-surface tests :
were run at the baseline conditions except where their geometries created

differences. These two tests are outlined individually in the table.
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113. Fresh water was used as the standard water type because it
was the most readily available. The s2ltwater test was intended to

demonstrate the influence of salinity on head wave dynamics and on

3t LA bbb b B 35

flocculation and settling. The saltwater condition was implemented by

N ok o

salting fresh water to a salinity of 30 °/,,. The salt layer was intended
to simulate a freshwater discharge area that had been penetrated by a
saltwater wedge. The layer was 8 in. thick, at a salinity of 30 °/,.,
and was established by slowly introducing salt water along the bottom

of the tank after it had been filled with fresh water.

114, The Boston Harbor mud that was used «s the standard sediment
consisted of about 15 percent sand, 55% silt, 30 percent clay, and was
clas. ed as a clayey silt. The grain size distribution and organic
content are shown in Figure 13. The clay (Table 2) represented a finer
grained sediment and was obtained by fortifying the Boston Harbor mud
with kaolin clay to increase the clay content to about 50 percent.

The silty sand (Table 2) was formulated by adding enough sand to the
Boston Harbor mud to raise the sand content to about 50 percent.

1i5. The sediment concentration was approximately 23 ~c¢cs for the
baseline condition, 30 pcs for the high density condition, and 16 pcs
for the low density test. The 30-pcs concentration represented the
practical delivery limit of the mud supply system, and the 16-pcs condi-

tion represented an equal concentration increment in the direction of

lower density.
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L 116. A compatible bottom was selected for comparison with the

smooth bottom used for the baseline condition, The compatible bottom

was formed by trowelling down a l-in.~thick covering of mud on the bottom
of the tank. Grab samples of Boston Harbor mud with a concentratioun of
approximately 35 pcs was used., The textur: of the compatible bottom

surface was relaﬂively smooth although it was characterized by a pattern

of trowel marks. ]
117. The variables relating to the pipe discharge were set according

} to the capabilities of the test facility. The discharge pipe size was

varied one iron pipe size (ips) above and below the l-in. size (1,049 in. i

ID) used for the baseline runs. The 1-1/k-in, ips (1.380 in. ID) approached

the Tlow limit of the mud supply system, aud its flow rate exceeded

the baseline flow rate (11 gpm) by about the same factor as the 3/4-in.

ips (0.824 in. ID) flow rate was below the baseline value. The horizon-

m el ettt e danbi Bl

tal and vertical discharge pipe orientations were tested in addition to

the submerged discharge angle of 20° because they represent configura-

Sl M it e

tions that have been used in the field. The discharge velocites were

selected at 6 fps and 2 fps around the baseline value of 4 fps. The

i higher value was close to the flow limit of the mud supply system, and :

the lower velocity represented the lower limit of stable mud flow that

could be maintained. The discharge heights a+ se the bottom were

e e e T

chosen at 6" above and below the middepth location of 1 ft. (baszline)

in order to cover a reasonably wide range of the total water depth and k

AREIA s ol 7 S
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to sirulate a discharge that was located closer to the surface (18 in,

off bottom), as well as one that was closer to the bottom (6 in. off

bottom).
] Test Facilities
3
; Test Tank
E 118. The test tank was constructed of wood and equipped with plexi-

glass observation wiundows on both sides. Figure 14 shows the tank, which
was divided into two sections by a movable partition. Each section was
approximately 4 ft wide, 2 ft deep, and 32 ft long. Two tests were run
for each filling of the tank., The viewing windows were used in conjunc-

tion with vertical scales placed at 4-ft intervals along tne tank's

TTTTET OTET TR TTONERTRRT PR et REAT T oy T aTmEme Ty T o e nrmaEr

longitudinal centerline for observation and photography. Color-coded
bars at l-in. intervals on the scales aided in reading the cloud height
during the tests and in the photographs. Figure 15 shows the scales in
position for a test and Figure 16 shows a closeup of the mud flow as it
passes one of the scales,

119. To facilitate filling and cleaning, both ends of the tank were
provided with a drainage trough and plumbing cross-connection. The

troughs extended almost the full width of the tank and prevented localized

turbulence during filling or emptying. The plumbing arrangement permitted

T ELIG 1 AT

g adjustment and balancing of the flow on either side of the partition

P
3

g
:
.
3

during filling and emptying. This was particularly important during
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Figure 16.

Typical head wave passing vertical scale

Figure 17,

Slurry storage and conditioning tank
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emptying to prevent disturbance to the sediment deposited on the tank
bottom after a test.

Slurry Storage and Conditioning

120. A 400-gal tank and a recirculating pump were used to hold and
deliver slurry at a calibrated rate (Figure 17). Usually 350 gal of slurry
were prepared and added to the storage tank. The slurry was mixed to
get the solids into suspension; then thef were kept in suspension by re-
circulation, During a test, some of the :ecirculatea slurry was diverted
to the test tank, as shown in Figure 18, The pressure gauge was used in
conjunction with the valves to maintain a constant flow rate to the
test tank. Seven or eight tests were run from a single filling of the
storage tank.

Water Supply

121. Water used in the tests had to be of high clarity for effec-
tive photography. The available tap water contained excessive amounts
of suspended solids which colored the water and restricted visibility.

To meet the required clarity levels water for the tests was obtained
from a 40,000-gal pool of treated water. Treatment included low-level
chlorination to destroy organics, flocculation of suspended solids, and
filtration through diatomaceous earth, Pumps were used to transfer
processed water to the test tank and for partial emptying of the tank
while final emptying was done by gravity.

Mud Flow Sampling

122, Mud flow sampling called for simultaneous collection of samples

at seven different depths, each at three different locations. To handle
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Figure 18. Plumbing and valving schematic for recirculation/delivery

Figure 19.

Sampling probe
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21 simultaneous samples, a sipﬁoﬁlsamplihg system was dec<igned., At each
sampling station, the samb]ing devices consisted of a probe (Figure 19)
with tube ends fixed at 1, 2, 3, 4, 6, 8, and 10 in. above the tank
bottom. The tubes were 0.25 in. in diameter and extended back over the
tank wall to a valving and collecting system (Figure 20). The siphons

were primed and valved off prior to each test. At the approprliate time,

the three banks of samplers were purged and the samples were collected.
123, The mud flow sampliﬁgAsystem'was designed to;bﬁtain rebresen-

tative samples with minimum intérference with the flow. The probe

was small and posed little or no obstruction to the mud flow. The 4 fps

sampling velocity in the tubes was encugh to carry the suspénded solids.

without causing excessive turbulence at the sampling point, The devices

were reliable, and 21 samples could be collected simultaneously.

Sediment Sampling

124, Bottom sediment samples were obtained by using an open-ended
tray that sat on the bottom as shown in Figure 21. It was positionea
with the open ends perpendicular to the flow so that it presented no
impediment to the flcw. Because of the open ends, the tank had to be

emptied slowly and the trays removed carefully,

Photographic Equipment

125. Lightirg for the photograply was provided by a bank of
photoflood lamps above the tank, 'lwo 35mm still cameras and two super
8 movie cameras were used during esch test., The movie cameras were

used for contlnuous overhead coverage und side cinematograrhy and one
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still cameru were used to photogiraph the mud flow a3 it passeé the 2

vertical scales. The secondvs:illvcamega,.whiph was used to photograph ? {

the diséharge;area, was motor Qriven and actuated by én‘electronic timing ;

C°“£r°l~ Figdréﬂ 22a and b show the motorized 35 mm camera und the : ; ?

: - ]

timing céntfol-in place.forla test run. v ' ' f é

. Timicg
,i;ﬁ. Timing of the mud flows was done in three ways: (a) continuous . E 3

~  motior pnicturis were taken, (b) obsefvers wiéh stopuatches noted the times ? a

as tke mud flow passed tbe verticai scales, and (c) pictures were taken

with o clock in the “ic.a of view. The cinematograpghy providad the'

YR S SRR EN NI D ANt

greatest accurary. The number ¢f frames shot per second was calculated

it

from the wovie camera time calibration data. The frame count between test

eveuts was used to find the times. and stopwatch iimes were used for

backup.

i agaett Lo S O
.

Test Methods and Procedures

[ \ ;

a 14 %

Lﬁ PoA

3 : ' 'i

? Typical Test Jveration K

; .
? 127, To prepare the sediment slurry, drums of sediment were weighed ;
and sampled for solids content. The sediment was then traasferred to a :

mixing vessel, cnarse debris was removed, and sufficient freshwater was : :

7

udded to obtain the desired si'lids concentration. The siurry was strained 5.

through 1/4-in. wire mesl, and transfoerred %o the slurry storage system,

Three or four hourn before o cest, the slurvy was thoroughly mixed and

TR

tha reclezulatfon pump Atercted,

B
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Figure 22.

b. Camera timing control

Motorized camera and timing control
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128, Approximately 4000 gal of processed water were used for each
filling of the tank. Transferring the water from the treatment pool
took between 30 min and an hour. During this time, the sampling devices,
the vertical scales, and the test identification numbers were put in
position, For accuracy and consistency during the program, the location
of each samplar and vertical scale was marked on the tank. The test
identification labels were placed so that they would appear in all the
photographs. When the tank was full, the siphons on the water samplers
were primed and valved off.

129. The slurry delivery system was calibrated just before each test.
The slurry was mixed thoroughly and the pump started 3 to 4 hours before
tiiz anticipated test time. The flow rate was checked by timing the
filling of a calibrated drum using the delivery hose. If any adjustment
in the flow wa? required, the necessary valve adjustments were made.
This calibration was continued until the desired flow rate, usually
10 gpm, was obtained. A sample of the slurry pumped during the cali-
bration was taken for laboratory verification of the solids content.

130. Final preparations for a test included checking the lighting,
positioning the cameras and the discharge device. During each test,
both motion picture and still photographs were taken. Each test lasted
2 to 4 min, and since the distance covered by the mud flow in that time
was 28 ft, personnel could make only cursory observations. The movies
and slides provided a permanent record from which information on the
dimensions of the mud flow, differences and similarities between the

tests, and motion of the mud flow could be obtained.
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131. A Nikon R10 Super 8 movie cumera was used for overhead
photography., The cameraman, who was positioned about 15 ft above the
tank opposite the starting point, filmed the entire test without
interruption. This provided a continuous record of the head wave itself
and the time at which it passed each vertical scale. Concurrent with the
overhead photography, a second cameraman took continuous side movies
with a Nikon R8 Super 8 camera. These films provided a permanent record
of the profile characteristics of the mud flow,

132, At the point of discharge, a motorized 35mm Nikormat was used
to take slides every second at the start of a test and then every 30
sec thereafter. These slides recorded the profile of the jet, its
impact with the bottom, and the discharge area once the mud flow had
propagated down the tank. Figures 23a-d show the beginning of a typical
test run. A clock mounted in the field of view provided real time.

As time and opportunity permitted, a fourth cameraman to»>l. 35mm slides
of the test, concentrating on general aspects and getting profile shots
of the mud flow and the head wave as they passed vertical scales.

133, During the test, two observers timed the mud flow with stop-
watches. They noted the times that the mud flow passed each vertical
scale and made observations about the cloud height. When the mud flow
reached the 24-ft point in the tank, the water samplers were actuated,
purged of tank water, and released to collect samples (Figure 24).

While the tank was draining, the mud flow samples were transferred to

storage bottles. As the tank level dropped and the mud cloud cleared,
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meusuredments were made of the thickness of the sediment deposited
around the discharge device. When the bottom samplers were visible,
they were removed and the sediment washed into storage bottles.

134, The last step in a test run was cleaning the tank, which

vas dune immediutely to keep the sediment from drying on the tank.

. The sediment was flushad into the troughs, pumped out, and the tank was

washed down to remove all traces of sediment.
Sample Processing

135. Slurry samples were analyzed for solids content. Each
sample was thoroughly agitated and approximately 20 cc weighed in
a drying dish of known weight. After drying at 106°C to constant
weight, the dish was weighed again. Analyses were performed in

duplicate and the percent solids calculated as the average value.

The formula used was:

wt. of sclids
wt. of liquid + solids

x 100 = ¥ solids by weilght

136. Mud flow samples were analyzed for suspended solids gravi-
metrically. The volumes of samples used ranged from 5 mg tc 200 mg
depending on the apparent solids content. The samples were dried to a
constant weight at 106°C. The suspended solids content was expressed
in mill: jrams per litre.

137, Bottom samples were analyzed for solids content. Because

these samples were collected by washing, an unknown volume of water
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had been added. The sumple wuas allowed to settle und the clear super-
natant decanted. The sediment was then transferred to a drying dish
of known weight. Settling was permitted again and the clear super-
natant decanted. The samples were dried at 106°C to a constant weight.
The solids content was expressed in milligrums of gettled sediment per

square centimetre of the sampling tray.

Test Results

138, A total of 32 tests were performed in the tank to complete
the baseline program. The first 10 runs were conducted primarily to
develop techniques for performing the tests and to adjust or calibrate
test equipment and instrumentation. In additio.., the tank was also tried
in various configurations, including a 4-ft width, an 8-ft width, and a
wedge shape with the partition positioned diagonally acrocs the tank.
As a result of these trials, it was decided that all of the baseline
runs would be performed with the partition ventered so as to provide two
4-ft by 28-ft test channels for each filling of the teak.

139, The 22 tests constitu.ing the baseline runs are summarized
in Table 3. The conditions for each test are giver and the primary
results are tabulated for heuad wave velocity, cloud height, and mud flow
height, In general these variables remained quite steady during each
test, and consequently the values listed in Table 3 are averages measured
over the test distance (i.e., 24 ft). Head wave velocity and cloud
height were determined by direct observation of the tests and photo-

graphic records taken during the tests. The cloud height was defined
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Table 3
Baseline Test Conditions and Results
Discharge
Slurey Discharge Height Mud Head
Test Water Sediment Bottom Concen- Discharge Nozzle Diameter, Above Water Cloud Flow Wave
Number Type Type Type tration Velocity Angle ips Bottom Depth Height Height Velocity
fps deg in. in, in, in. in. fps
Clayey
11 Fresh Silt Smooth 23 4 20 1 12 24 ? k] 0.257
12 0 8 4=1/4 0,258
1 90 4 2-3/4 0.192
14 20 1-1/4 7 4 0.307
15 1 9 5 2-1/2 0,232
16 18 8 4-1/2 0.247
17 2 12 6 2-1/4 [AEREY:]
18 *’ 6 ? 5 0.305
19 31 4 14 0 0.0792
20 " 15 7 3-1/2 0.242
Siley
21 Clay 23 3 0.264
v Siley
22 Sand ] 3-1/4 0.154
Fresh Clayey
23 8-in., Silt 5 1-1/2 0.107
Salt
Layer
24 Salt " 4-1/2 0,225
Compa~
25 Fresh tible 35 * 2-3/4 0.221
26 Smooth 27 ‘r *’ 6 K} ¢.218
27 23 6 90 4 k] 0.228
28 4 20 * 4 0.266
29 90 ‘y * 2 0.192
‘y 30
30 o (6=-1in. 9 6 0.228
above
surface)
32 l-in, 45- 8 7 0.234
deg de-
flector
Y { Y
33 ‘ ‘y [ Y 20 3/4 [ 3-1/4 0.240

*Teat conditions precluded measurement.

Note: No entry indicates that preceding entry still applies.
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a8 the helght of the upper boundary of visibl: suspension akbove the

bottom of the tank., This heilght was greater than that of the mud flow

because suspensions containing very low concentrations of svlids were

3

still readily visible., The mud flow height was defined as that height

RN PRI S I

at which the suspended solids concentration in the flowing suspension

was 1 g/2. Below this height, the concentration was greater than 1 g/,

and the density of the suspension was sufficient to drive a mud flow.

While selection of this value to define the boundary of the mud flow

was somewhat arbitrary, it was based on the characteristics of the

i LA s £t AR

concentration profiles obtained from sampling th> mud flow.

140, A profile in which the elevation above tank bottom is plotted
against sediment concentration in grams per litre is shown in Figure 25.
E (Profiles for all test runs are included in Appendix B.) For this

profile, more than 95 percent of the sediment present in the suspension

ideandy i i

occurred at concentrations exceeding the l-g/¢ limit. This was typical

ot A A AR L e TR L L [, S

of most of the profiles obtained.

sl v

L ' 141. The visible cloud that is seen above the mud flow is created

by turbidity which involves less than 5 percent of the total sediments

T

present, Moreover, this turbidity upwells in the head wave, there-

i b S i

after losing any net forward velocity and dissociating from the mud flow,
: Since it was not possible to obtain velocity profiles across the flow to

define its character and extent, it was decided simply to select the

1-g/% 1limit to establish the height for computations involving gravity

or inertial forces.
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142, The results for the five discharge configurations discussed
in paragraph 99 are represented by tests 11-13, 30, and 32 and are

presented in Table 4. In the above surface tests the discharge pipe

Table 4

Performance of Typiccl Discharge Configurations

Test Configuration Head Wave Mud flow Cloud  Turbidity

No. Velocity Height Height Reduction
: fps in, in. . Factor

30 Horizontal pipe, ahove 0.228 6 ' 9 - 2.25
surface )

32  Horizontal pipe, with 45  0.234 7 8 . 2.00
deg baffle, above surface ' '

12  Horizontal pipe, submerged 0.258 4=1/4 8 2.00

11 20 deg pipe, submerged 0.257 3 ‘ 7 1.75

13 Vertical pipe, submerged  0.192 2-3/4 4 1.00

was 6 in. above the water surface, and in the submerged tests it was

12 in. off the bottom. Using the cloud height as the meésure of
turbidity generation the tests are listed in Table 4 in diminishing
order with the horizontal above-surface discharge producing the greatest
turbidity and the vertical submerged pipe the least. The ratio of. cloud
height to the vertical pipe cloud height represents the factor by which
the turbidity of a configuration can be reduced by using a vertical -
pipe discharge., These values are listed in Table 4, The horizontal
above-gurface discharge produced the highest cloud probably because

of the greater potentiusl energy of the jet. The 45 deg baffle distri-

buted the slurry across the channel but the Reynolds - umber of the
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' n} I discharge slurry was not greaﬁ enough to create spray and the attendant
o surface turbidity observed in the field. The horizontal and 2U deg

submerged configuration showed the strong directional characteristics

of discharge flows aimed down the tank. The 20 deg submerged pipe
generated the least turbidity of the directional configurations. The

vertical submerged pipe produced the lowest cloud of asny pipe confi-

Sl S o e n Al

guration. From all appearances this was due to the fact that the energy

of the discharge jet was spread evenly over a 360 deg front beyond

ORI T S

impingement and displayed no prominent directional characteristics,

The turbidity reduction factors indicate that the vertical submerged

5 St

pipe is 2.25 times as effective as the horizontal above-surface i

Lot e dfmim T

digscharge and 1.75 times as effective as the 20 deg. submerged pipe.
The 20 deg. submerged pipe is seen to be 1.28 times more effective than
)@ the horizontal above-surface discharge.

143, Experimental results from the baseline runs are shown in

the curves, Figures 26-~31. These curves show the primary dependent
variables, head wave velocity, cloud height, and mud flow height, as

functions of euach of the test conditions that were varied in the test

B L P NI

matrix. The curves do not include the results of the above-surface : 5

tests, the salt water tests, nor the test using a sediment bottom,
i which are presented later, These results are presented in Table 3

; (Tests 23-25, 30, 32) and are discussed in a later section.

! 144. To facilitate comparing trends among the variables, the

‘ mud flow and cloud heights are presented on the same plot, which in
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Figure 26, Fffect of varying discharge angle
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Figure 27, Effect of varying discharge height
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Figure 28, Effect of varying discharge pipe diameter
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Figure 29. Effect of varying discharge velocity
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turn is displayed directly above the head wave velocity plot. The
experimentally determined values are shown for each of the following
8ix independent variables: (a) .ischarge angle, (b) disqhgrge height,
(c) discharge diamétér. (d) discharge velocity, (e) sediment-type. and
(£) slurry4concentration.
Discharge Angle
145, The discharge angle is the angle of the discharge pipe
measured downward from the horizontal. Tests were run at three
angles: O deg {(horizontal), 20 deg, and 90 deg (vertical). One extra
test beyoﬁd those defined by the test matrix was run with a verti:al
discharge and a flow velocity of 6 fps (with all other conditions
remaining at baseline), The additional data pro.ided another point at
the 6-fps velocity; consequently, the effect of varying discharge angle
is shown in Figure 26 for two values of discharge velocity, 4 and 6 fps.
+46. As the oriern-ation of the discharge stream changed from
horizontal to vertical, there was a similur decreasing trend in the
values of all three dependent variables, Inasmuch as the momentum of
the discharge stream is directed parallel to the fluid mud flow when
the discharge nozzle is horizontal and at right angles thereto when
it is vertical, this trend in the data seems reasonable.
147. The mud flow height and head wave velocity increased with
increases in the discharge velocity from 4 to 6 fps for all values of
discharge angle. This is also a reasonable result since the momentum

of the discharge stream is greater at the higher velocity.
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148. While the height of the turbid cloud decreased by a factor ;o
of two as the discharge angle was varied from horizontal to vertical

(Figure 26), it was not affected by the change in discharge velocity.

& deestistmadeiailinig r B ial Ziefal o

This insensitivity is discussed in the section on the effect of discharge

e ) B i S Y 8
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velocity.

Discharge Height

149, Tests were run with the discharge pipe positioned at

S
oA Lt b

eleQations of 6, 12, and 18 in. above the tank bottom. The effects §

of the discharge height a.e presented in Figure 27. Both cloud

RN PRI RS R

height end mud flow height increased as the discharge height was
increased. This was probably caused by the increased energy of the
Jet prior to impact with the bottom. The head wuve velocity, on the
{ other hand, appeared to be less affected by discharge height. There
: was some increase between 6 and 12 in., but between 12 and 18 in.,

there was no significant change. Since the head wave velocity is a

PPTINES S PR e POW IR DR R STUEES SE R

function of hoth mud flow height and density, this result suggests

that an increase in the one has been offset by a decrease in the other.

Discharge Pipe Diameter

PP RPICY BICAY PP NCO P P Y

150, Three different pipe sizes were used to determine the offecta

; of pipe diameter on the mud flow characteristizs: 3/4-, 1~, and 1-1/4~in,
é standard pipe sizes with actual inside diameters of 0.824, 1.049, and
1.380 in., respectively. The effects of discharge diameter are shown in
Figure 28, The height of the visible cloud did not vary significantly

3 ) in the three runs, while the height of the mud flow increased somewhat > :
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with increasing discharge diameter., The head wave velocity ¢1lso increased

gsomewhat. Since the flow velocity was maintained at 4 fps for these

three runs, the flow riates were different in each case (proportionate

to diameter squared). The momentum of the discharge stream, therefore, ,
increuased also with the diamweter of the discharge pipe. The increase in ;

the mud flow height was probably caused by greater entrainment of water

T o e L

as the perimeter of the jet increased with diameter. The increase in

ik s

heud wave velocity was probably the result of the combined effects of

L m AL e e ta At ¢ o n bt

the increasing momentum in the diacharge stream and the mud flow height.

Discharge Velocity

151, The results of varying the discharge velocity using 2, 4, and
6 fps are presented in Figure 29, Again, because an extra run not
defined by the baseline test matrix was conducted for the combination 4
k of a vertical discharge with a flow velocity of 6 fps, the results can be
‘ presented paramatrically for two nozzle positions..ZO deg and vertical. j

As was the case for pipe diameter variations, the cloud height appeared :

little affected by variatilon of the discharge velocity. Since both 3
diameter and velocity affect the discharge stream momentum (whereas %

nozzle angle and height do not), these results seemed to suggest that

T R T T R

discharge momentum influences the mud flow height and head wave velocity
more strongly than it does the height of the overlying turbid cloud,

which is generated above the mud flow., Both mud flow height and head

1 o T ey T

wave velocity increased about proportionally with the discharge stream
velocity. This again suggested that the cri.se is the combination of

increased entrainment and discharge momentum. The distinct influence
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of nozzle orientation already evident in Figure 26 is again displayed

in Figure 29. Rotation of the nozzle from 20 deg to vertically downward
: had a strong influence on all three dependent variables. i

Sediment Type

152. The sediment characteristics were varied about the basellne

T

condition by adding kaolin to obtain a clay and sand to obtain a silty
sand. The results of three tests performed with the different sediment é
types are shown in Figure 30 plotted against median grain size. Grain ' !
size had little influence on either the mud flow height or the cloud :
height. However, because of settling during the silty sand run, there %
was considerable variation in the height of the 1-g/% concentration

in the flow; hence, there was not a single representative mud flow

height. Nevertheless, the range of values was indicated, and the average »
was used to represent the flow height for that run. The head wave i
velocity decreased appreciably as the median grain size increased.

This is also likely to be the result primarily of settling. During the

silty sand run, a mound of larger particles accumulated at the area of 1

impact, indicating that a greater fraction of solids was settling than

a
g
i
I
b
0
[

occurred in other tests, Because a lesser fraction of the solids remained

in suspension, the density of the mud flow was less, the driving force

was decreased, and the head wave velocity was therefore less, ]

:' !
£ Solids Concentration

153. Using the baseline sediment, water content was varied to
obtain slurries of four different solids fractions: 15, 23, 27, and 31 ]
percent. The results of tests conducted with these slurries are shown

in Figure 31. Cloud height, mud flow height, and head wave velocity
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were little affected by slurry concentration in the three tests at ig g
& ‘
)

e .

15, 23, and 27 pcs. However, these properties changed dramatically

; Z at 31 pcs. In this run, the slurry, which was very stiff or rigid on
; : exiting the discharge nozzle, tended to remain agglomerated in chunks :
which did not entrain water to dilute the slurry and maintain a well- I
3 ' formed jet. Instead, these chunks were deposited leaving very little & :
3 f material in suspension to generate a mud flow. The turbidity cloud

3 that was generated in the 31l-pcs test billowed up to a height greater £ %

than observed in any other test. The head wave itself did not travel

the full length of the tank, stopping about 8 ft short of the ernd. 1In

addition, no water samples (which were taken no closer to the bottom 5

than 1 in.) showed concentrations above 1 g/f. Thus, by the definition

L S N RO K S-S AP S

iy utilized, no mud flow was detected. At the beginning of the run, there

may have been a transitory mud flow. However, as the suspension became

rupidly diluted, the mud flow probably disappeared, and the remaining .

suspension of fine particles became simply a turbid cloud subject to

:s
i
1
?
"
5
1

convective diffusion.

Other Variables

RRR T fokirisiinkinseiiiing

154, Additional tests were run to determine whether or not i

salirity or a simulated natural-sediment bottom would have any signifi-

cant influence on the mud flow characteristics. In test 23, a stratified

8-in. layer of salt water (at approximately 30 °/,,) underlay fresh water,

PR
PO O P

and in test 24, all of the water was uniformly salty at 30 °/,.. In test

L : 25, the bottom of the tank was covered with the same sediment as that

:t
L
?:
g

TS TS X
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used in the slurry mixture in order to simulate a natural bottom. The

results of these three tests are presented in Table 5 togethef with the ' .

baseline results for comparison.

. AR e f s

Table 5

Effects of Salinity and Natural Sediment

)
P
Variable ; '@
Cloud Height - L
at end of Mud Flow " Head Wave (o
Test Number Test, in. Height, in. Velocity, fps CoH
11 9 3 0.26
(Baseline) ‘
23 8 7-1/2 0.11
{(Salt and
fresh water)
24 7 4-1/2 0.23 ,
(Uniformly : :
sdlty) T
25 7 o 2-3/4 0.22 ‘
(Natural : é
bottom) :

155. The salt water layer in test 23 affected the mud flow in
several distinctive ways. It appeared to confine the mud flow and the
turbid suspension above the flow. The interface between the salt water

and overlying fresh water acted as a barrier, not only confining the

flow but preventing turbidity from upwelling above the layer. The . )

velocity of the mud flow was also considerably influenced by the layar 3

of salt water., During the test, a backflow of water was observed that

e A AL o g i oo e

;

: i
was confined between the upper boundary of the layer and the mud flow. §
Apparently as the head wave moved forward, salt water confined in the j

g

stratified layer was displaced and flowed back over the Pﬁfd wave., 5
[ 1 3 4
R
ftn
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Because of the confining effect of the layer, there was a greater impe-

dence to the mud flow, and its velocity was reduced by a factor of

i. 5 about two compared with that of the baseline. The mud flow height (as
g E established by the height of the 1-g/¢ concentration in the suspension)
| was significantly greater than that of the baseline run. This perhaps
I ’ also can be attributed to the confining effect of the salt water layer.
Apparently, the backflow within the layer promoted enough upward mixing
of the suspension so that the 1l-g/f level of concentration was higher
than normal.

156. The influence of a uniform mixture of salt water in test 24
was much less than that of the salt water layer. The mud flow height
was somewhat greater than for the baseline run, and the head wave
velocity was somewhat less. Since the head wave velocity was due in
part to the difference in density between the suspension and the
surrounding water, the fact that the saline water was denser could
account for the decreased velocity. The increased mud flow height was.
less reacdily explained, however. The difference was great enough (4-1/2
versus 3 in.) to believe that it was of significance, and it may have
; é been associated with flocculation effects promoted by the salt water.

» 157; ‘Test 25, utilizing a simulated natural-sediment bottom,

showed even less deviation from the baseline test. The mud flow height
was essentlally the same, and the head wave velocity was somewhat less.
The difference in velocity may be attributed to an increased resistance
to the mud flow caused by the sediment botrom compared with the smooth

tank bottom,
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153. Insofar aw thg;r implications for t;;sg#qign of a submerged i )
dischqrée syétem.';heae tesults aée of no grest giﬁaﬁficance.- Moreover, - % -g
within reasonable iimits, theyAdo not exhibiﬁ'effesrg ~hat are strong
enough to cause any concern about the,vali&ity pf ;plliscalé predictiors. j .%
Howeﬁer,'the behavior of the mud flow in the saitfiayerAuaf be ofvsigni- ! i
ficance in undcrstanding‘what‘might h;p?en to a ﬁqg‘fg?y énd assgociated %. g
* ‘turbidity in the special éase of diséhafgin3?1éfeda¥d ngerial where a ;‘ j
? o o . saiﬁ wé;et wedge is present. - } A‘ : ;“,'vifi.*.ﬁ ‘ % %
@ i Mﬁd Flow Momentum Flux _ ' 'V'S% ; 5 : :
é' 159. fhe momentum of the mud flow is a pfoﬁetty ¢;"c§;facteristic .
g variable that can be derived from the primary variablsg.ggat were
‘ measured in the experiments and is defined by the foﬁlowihg equation: )
f;g Mg = pth o o (22) ‘:
& : '
. where p is the bulk -density of the suspensioh, h isAthe height of the é
flow, W is the tank width, and V is the flow velocity. In these experi- .E
| ments, both density and velocity vary with height of the mud flow, and i
é there is no well-defined boundary between the suspension participating :
é. in the density flow and that merely present as turbidity above the 2
§ flow. Nevertheless, useful and consistent correlations can be obtained ' i ;
é ueing momentum flux as determined fiom the following data: (a) an % \é
5 average density obtained from the concentration profiles, (b) a mud 3 %
| flow height based on the l-g/& concentration level, and (c) the velocity i ?
of the leading edgev(head wave) of the flow. | % j
-
; A
i {
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160. A momentum flux can be calculated for the slurry discharge
stream with much less uncertainty about the value of the parameters.
The density is simply the average slurry density and is det.ermined by
the su.ids concentration; the area is the cross-sectional area of the
discharge pipe; and the velocity is determined by the flow rate.

161. In the baseline program, there were eight runs in which
varying the parameter affected the momentum flux of the discharge
stream directly., Other parameters which did not effect the discharge
momentum but could influence the mud flow momentum, such as height
of the discharge above the bottom and discharge stream direction,
were held constant in these runs. PRun 1l was the bageline rest about
which all other parameters were varied. Tests 14 and 33 employed
different nozzle diameters, thus affecting the discharge area. Tests
17 and 18 were runs with discharge velocities less than and greater
than the baseline condition, respectively., Tests 19 and 20 utilized
different concentrations of solids in the slurry, thus affecting the
density of the discharge stream. Test 26 provided a fourth value
of slurry density. Of these eight tests, valid data allowing cal-
culation of both mud flow and discharge momentum flux were available
from seven., In Test 19, which was the highest alurry concentration,
agglomerate particles fell out of the discharge stream; and the
resulting mud flow was totally atypical. Thus, data from this test

could not be used for the momentum flux calculations.
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162, In Figure 32, the momentum flux of the mud flow is plotted

Sk e 7 bl ot B
b,

against the discharge momentum flux for the seven runs. A straight

line, determined by the method of least squares, i1s drawn through the

ﬁ data points. The correlation coefficient for these data is 0.99,

b U ool A

indicating a very close linear relationship between momentum of the %
mud flow and that of the discharge stream. The slope of the straight

line (approximately 0.65) is less than one, which indicates that the é ;

momentum in the observed mud flow is less than that in the discharge

stream. This is reasonable because the momentum should be reduced

s il S e

by settling. In addition, the slurry divides on impact with the
bottom so that only part of the suspension moves in the direction
of the sampling and observation points., v 4

163. Based on these data, it would be reasonable to conclude that

in a full-scale dredging situation utilizing a submerged discharge pipe,

Tt b At ] Lo etk e

there would be a similar relationship between the discharge momentum and
the resulting mud flow momentum, Many factors, including the geometry,
bottom conditions, and sediment type, would influence the actual numerical

relationship, however. The high degree of correlation also lent credence

to the sampling methods utilized, and helped to support some of the under-

ikt - L Akt B

lying assumptions and simplifications that were necessary to derive a

momentum flux from the primary data.

164, The degree of correlation between the primary dependent : 4

variables and the discharge momentum flux provided additional evidence
of the validity and consistency of the test results. The cloud height,

mud flow Leight, and head wave velocity are plotted against the discharge
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momentum in Figure 33 for the same seven runs in which only parameters
affecting discharge momentum were varied, The cloud and mud £low
heights appeared to be linear functions of the momeﬁtum with correlation
coefficients of 0.66 and 0,94, respectively. The head wave velocity
required a curve to fit the data,iand becausr it waa consistent with thé
definition of momentum flux given in equation 22, a parabola was used

as shown in the figure.v The correlation coefficient for this regression
was 0.85 (based on a ieast-squares fit to a logarithmic plot of the
data).

165. In Figures 34-39, the mud flow momentum flux is shown plotted
against the six test varilables for which the primary test results have
already been presented: (a) discharge angle, (b) discharge height, (c)
discharge pipe diameter, (d) discharge velocity, (e) median grain size,

(f) sediwent concentration. In all cases, the data showed smooth
ve ‘ations and.the trends were reasonable, |

166. These results can bé used to aid in full-scale predictions
for g wmetrically similar situations. Based on Froude scaling, the
moﬁ- am flux can be predicted directly by multiplying the test value
of the flux by the cube of the scale factor. Since head wavé height
and velocity can be obtained for the full-scale situation by similar
procedures, the momentum flux correlations can be used for estimating

full scale mud flow properties.
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CHAPTER V: PROCESSOR TEST PROGRAM

Purpose and Scope

167, On completion of the series of tests utilizing a simple
submerged open pipe (the baseline test program), another series of
tests was run in order to evaluate the effectiveness of four different
types of discharge devices (or processors) designed to reduce turbi-
dity generated by open-water pipeline disposal operations. These were
designated the shroud, the weir, the plenum, and the diffuser.

168. A matrix of tests was arranged to quantify the relative
performance of each processor design with respect to the simple ope.
pipe configuration. Only the finally selected configurétion (diffuser)
was subjec£ed :J the full battery of tests in order to establish its
superiority over the open pipe termination. The others were tested
o.ly to the extent required to eliminate the less promising candidates
based on their performance and applicability to full-scule operational
cqnditions.

169. A total of 22 runms were conducted for the processor test
program. (These are tabulated in the section describing test results.)
The test equipment and procedures, sampling apparatus, and photographic
coverage were essentially the same as those employed in the baseline

test program.
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Selection and Design of Processor Models

170, Four different %ypes of'proééssoré, reprgsenting‘diverse
approaches, wereuselected fof‘tgst andrevaluatibn. ;All‘weré intended
to reduce turbidity géneiation by achiéving;the followiﬁg%bbjectives:

a. Discharge the dredggd.matérial.nedr the bottom,

b. Discharge the*dredged ﬁatérial at greatly réduged‘
homentum (or veloéit}). | | I

c. Confine the slurry flow within the proceséor as 1its
momentum is Being reduced to minimize the eﬁtrainment
and mixing. i .

d. Maintain sufficient momentum of the dredged maﬁerial
at discharge to avoid undue mounding.

The processors tested are described in ﬁhe folloﬁing sections.

17).. The shroud (Figure 40) is a device that would be attached
‘to a vertical open pipe to enclose the discharge jet and isolate it
from the surrounding water. It is approximately cone-shaped and
would be made of a heavy-duty plastic-coated fabrié such as the kind
used for oil confinement booms or silt curtains. In practice, the

shroud would be attached to a vertical discharge pipe which would be
submerged and positioned so that the shroud would be suspended a few
feet off the bottom., Figure 41 shows the test model.

172, ‘The principal potential benefit of this design is that it

would be relatively inexpensive. In addition, it would not restrict
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the flow and would not be clogged by occasional largs solids. Oa the

other hand in full-scale (at least 20 fi diameter by 20 ft overall

. height) it would be awkward to handle and would te limited to use in

-
v

'relatively deep water,

Cylindrical Weir

173. The weir (Figure 42 and 43) 1is simply a cyliandrical bowl

with a flat bottom and a discharge connection placed so that the dredged

material enters the bowi tangentially near the bottom, The intent of

this design 1s to vreduce the momentum of the stream by two mechanisms.
First, by enteringvtangentially, the slurry would theoretically create
a vortex which would dissipate some energy by friction. Second, the
effective rlow area would increase as the slurry flcws over the top
edge of the weir, causing a reduction in the average stream velocity.
Plenum

174, This axisymmetric design (Figure 44) utilizes a iarge plenum
chamber in which the energy and momentum of the slurry flow are partially

dissiputed before the slurry passes through a radial diffuser. The

model, which was used in the processor tests, is shown in Figures 45a

and b,

175. Tne discharge from the dredge pipe splashes against an
impingement plate at the base of the cylindrical plenum chamber (Figure
44).. The flow then reverses and travels upward through the annalar
space between the inlet pipe and the plenum wall. 7Tt then passes over

the wall of the plenum, down through the annular passage of the diffuser,
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and discharges radially along the bottom. The scale for an 18-in.
inlet pipe would require approximately a 2-ft-diameter plenum, a 6-ft-
diameter diffuser body, an 8~ft-diameter discharge plane, and a 6-ft
overall height. 1In this scale, the device would have an overall
diffusion ratio of approximately 24:1, which would provide a discharge
velocity of 0.75 fps for an 18~fps inlet velocity.‘ The unit is

intended to rest on or near the bottom.

Diffuser

176, Whereas the plenum dischargerforces the diffusion of the flow
and in the process generates turbulence, the diffuser (Figure 46) causes
a gradual divergence of the flow passage that decelerates the flow to
an acceptable velocity level. .igures 47a and b show the model as built
and tested. In the diffuser, the slurry flow enters the unit at the
top and expands through the 15-deg conical diffuser section. The 1l5-deg
angle represents the maximum expansion ratio allowable without creating
separation and causing the core flow to jet. This angle may be
1ncregsed and the unit correspondingly shortened by using conical guide
vanes to force a prescribed percentage of inlet flow to occupy the same
percentage of annular exit area. These modifications complicate an
otherwise simple design and hence would not be incorporated unless
necessary. As the flow reaches the end of the diffuser section, it
is turned radially outward and exits across the cylindrical discharge
plane. The configuration shown is capable of reducing an 18-fps inlet
velocity to 2 fps at the end of the conical diffuser and further to

0.075 fps as it exits radially from the turning section,
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Processor Tests

o] oA A < 2 o 1 b g

Test Matrix
177. The test conditions and variations about the reference con-

ditions for the processor program were similar to the baseline program

O S

in order to establish a basis for comparison. The reference conditions

for the processor tests were as follows: %
- Pipe Size, ips 1 in. g
E Discharge height above bottom 2 in. g
; Pipeline velocity 4 fps gw
: Discharge flow rate 11 gpm ;
E Dredged material: ;
E Source Boston Harbor ; -
; Type Salt water clayey silt :
Discharge solids ratio 16-18 pcs by wieght % 1
Bottom type Smooth
} Water:
1 Type Fresh j
| Pepth 2 ft |
178. As in the baseline program, most of the variables were tested

independently using a limited number of values of each variable on either
side of the reference value. The one exception to this procedure was
i test 55 in which both pipeline velocity and height above bottom were

different from the reference value. The variables and their values used

]
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in the processor tests are illustrated by the matrix, Table 6. In addi-
ton, all of the tests that were perfovmed, the tcst conditions, and the
principal results are summarized irn Table 7.

Test Results

179, Two of the devices, the shroud and the weir, were eiiminated
from further consideration after being tested only once at the reference
conditiuns. The plenum device was tested 6 times under various condi-
tions, and the diffuser was subjected to a total of 14 tests, the only
device with which the full matrix of tests was performed.

180. The shroud was adversely affected by the reduced pressure of
the slurry jet. Because of the velocity of the jet, the static pressure
inside the shroud dropped below ambient; and as a result, the fabric was
drawn inward and tended to fold. In addition, there was a tendency for
the shroud to osci;rﬁé)i; ]?fr these reasons and because the full-scale
shroud would beAawwa;ﬁ ;‘ handle, especially in currents, it was
decided to eliminateithlféhroud.

181. The weir was readily eliminated because of poor performance
Instead of the weir dissipating sufficient energy inside the dish to
allow it to fill and overflow, the energy of the discharge stream
created a persisting vortex which generated turbidity in the water
column to a considercable height.

182, From the standpoint of reducing turbidity and controlling the
mud flow, the plenum and diffuser processors were both effective and per-

formed about equally. This fact was well established by the time six

runs had been performed with the plenum. At that point, it was decided
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Test Water Sediment  Slurry Discharge D'hcharge Height Prc-ewsor  Cloud Mud Plow Head Wave
Nuaber Type Type Concentration Vulocity Above Bottom, in. Type Height  Height Velacity
pcs (Y] in. in, X fps
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that near the surface, the eﬁfect on cloud height, which is the upper

) diréct measure of effoctiveness of the diffuser. However, the mud flow

shwvon for the three different discharge angles tested (horizontal,

to terminate the plehum tests and to concentraté the remaining tests ?
on completing the matrix for ;he.diffuaer. ‘Thias choice was based on
practical cbnsidgrations and not on the test results. The diffuser i

is inhgténtly‘less prone to blocking by accumulated solids, and in the

event of blocking,.céuldvbe §leanéd more readily than the plenum. For i !
these ;easoga, it was decidgd tO-base-;he.designvof the full-scale

system on’thg.d;ffuser§,

. '183." The fgénlfs'of the diffuser tests are presented in Figures

48-52, For each of theAindependent Qétiables, the results of the base- = :

[T AP ST R Tt N

‘line tests ﬁnd';héAprocessor tests gré shown  together for comparison. -
The numbers adjacent to the diffuser data points identify the test numbers.

184. The results preSentgd a#e the head wave velocity, mud flow i

height, and ~loud height, which, when cdmpared with baseline results, f
servd as measures of effectiveness of the diffuser., Since the primary

purpose of using a suﬁﬁerged dischargé is to reduce turbidity, ﬁarti¢g1arly

o Rend e ok R T 2L IU et s,

extent of visible turbidity generated by the discharge, is the most

height and tiead wave velocity, which together define the momentum of the

mud £flow, are also of interest because they affect the extent of the

mud flow generatod by the discharge.

185. DiJéharge Angle. In Figure 48, the baseline results are ' 3

20-deg, and vertical). Only one point is shown for the diffuser test
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2 in. above the bottom. The resulting cloud height was 3 in. compared

.- outside the 1mmediate'v1cinity of the discharge. This shows that a

because the diffuser is designed to operate in only one position: with
its longitudinal axis vertical. The single point shown for the diffuser

is from test 40, the reference case, in which the diffuser is elevated

with the 7 in. observed for the raf:srcnce case in the baseline program
(~0-deg discharge angle). However. when the open pipe in the baseline

program was oriented vertically, the cloud height was reduced to 4 in.

simple open pipe, submerged and arranged to discharge s;raight:down. is
a fﬁirly effective way of reducing turbidity if other efféc:s a;ch as
bottom scnuring are not a concern., On the other hand, the diffuser
still decreases significantly the mud flow height and head QaVe -
velocity of the baseline case with a vertical discharge. fhus, the

diffuser's performance is superior in controlling both turbidity and

the mud £low momentum. : : o : - j

186. Discharge Height. Figure 49 illustrates the'effecﬁ of
discha;geAhéight abeve bottom. The diffuser, which 1s designed to be
positioned:élbse;to the bottom, ;siquite effectiveléompafed with the
open pipe at a 20 deg aégle when the tyoAare opefétiqg at whag_could be
cousidered their respective normal helghts. Héwever, as the:;wo heights
approaéh each other, the performance of the open pipe appears to approach‘
that of the diffuser for cloud and mud flow heights. It seems highly
unlikely, however, that the performance of the open pipe with its high - E
momentum discharge cdould be extrapolated back to zero height and ohiain

results comparable to the diffuser.
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187. Pipeline Velocity. The comparison between the baseline test
results and the diffuser results for various pipeline velocities (Figure
50) shows most distinctly the effect of the diffuser in reducing the
momentum of the discharge stream., All three mud flow parameters are

significantly reduced by the diffuser.

188. Sediment Type. Figure 51 shows the results for three different

sediment types: silty clay, clayey silt, and silty sand. Because of
some difficulty encountered in controlling clay and sand contents, the
diffuser tests were not made at exactly the same median grain size as
those of the baseline tests. In all cases, the diffuser reduced the

mud flow characteristics considerably below the baseline results. In
addition, the cloud and mud flow heights appear to be relatively insensi-
tive to median grain size for both the open pipe and the diffuser. Yet
in all cases the diffuser yields lower cloud and mud flow heights,

189. In the case of the baseline configuration, however, the head
wave velocity drops significantly with increased median grain size while
the diffuser shows no significant effect. Since the sand content was
somewhat lower for the diffuser test, the difference could be attributed
in part to that fact, Howasver, as the sand content increases, resulting
in increased settling, the amount of material remaining in suspension
should be lower with a corresponding decrease in the density difference,

which drives the mud flow.

190. Concentration. The influence of slurry concentration for

the diffuser and the baseline runs is compared in Figure 52. Again,

the diffuser tests reflect a considerable reduction in the mud flow
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parameters. One of the baseline rumns, in which the concentration was
31 percent, reflects essentially no mud flow and much of the slurry was
simply deposited on the bottom as agglomerated lumps. No comparable
run was made with the diffuser because 31 percent is an unrealistically

high average solids concentration for normal dredging situations.
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CHAPTER V1: FULL-SCALE PREDICTIONS

191, In Chapter IV, the rationale for using the Froude numbers as
a basis for establishing the scale of the submerged discharge experi-

meits was developed. In that same chapter the experimental results

&
¥
e
¢
&
E
S
]
E
=
2
%
&
&
T

from the baseline test were presented, and several data correlations

were examined. They also indicated that the Froude number appears to

be a valid basis for scaling. ?
; 192. Predictions of full-scale mud flow parameters can be made ; é
% : by scaling the experimental results up to a full-scale dredging arrange- ? é
§ ment, For such predictions to be correct, the full-scale conditions _ %
% must be geometrically similar to the experimental conditions and must :
d ? be characterized by the same Froude number. Geometric similarity, for ; E
é example, requires that the ratio of pipe diameter to discharge height § 3
é abové bottom be the same in full scale as in the experimental configuration. : %
g 193, One of the test conditions that will not be duplicated in j ?
.vi tﬁe field is the confinement of the mud flow by the walls of the test ] %
% tank.' For exact geometric similarity the dredged material would have ? !
g - to be cunfined by a trench whose width is the width of the test tank .
_.% | . té,ftj times the scale factor (1 ypically 20). That is, the confining
?i‘ “é -tfénch wouid typically be about 80 ft wide. Clearly, this is a E
b A.% .‘gompletely unlikely circumstance; however, a logicel basis for useful
g full-scale predictions can be established.
% 7194.‘ Invpractice, it is probably common for the mud flow created
’ _ % by a typical hydraulic dredge discharge to flow away from the discharge
o

FEAE,

154

eumtene: e L

- J ———— - - . chm emtae e m e e e i o

ﬁ""}'ﬁi"‘""l“'"_'i'f'l‘E”;i"ﬁ&"m‘J "i'ﬂil"'"'” M““ ’ 5 by Y




T e ““
i
N
ks
4
()
]
3
£
3
i
i
i
i
]
k
!

j

area in a stream whose width is dictated by the bottom slope, bottom

contours, initial direction of the discharge stream, subsurface cur-
rents, and perhaps other influences. In the test tank the walls in

the neighborhood of the discharge pipe reflect the lateral motion of

L e L LA 5 N it

the head wave and generally redirect the mud flow parallel to the

Syal At

walls either in the forward or rearward direction. This motion is
established in approximately two tank widths downstream from the dis-

charge point., Beyond this distance the parallel walls maintain a

two-dimensional flow and specifically prevent the head wave and mud

flow from expanding sideways, slowing down, and becoming less thick,

i e e b o ottt e 12 e

Since real mud flows are generally not this confined (particularly a
radial mud flow from a vertical discharge pipe), predictions based on
tank data produce somewhat excessive values of mud flow properties. _
Therefore, predicted values of cloud height, mud flow thickness, and %
head wave velocity can be considered as upper limits that are not

likely to be exceeded in real situations.

195. A method has been developed for predicting full-scale mud

e o) e st e Sl L e

flow parameters which involves the use of five sets of curves (Figures

53-57) and six computational steps. The method scales up- the parameters

A b a5

of the baseline configuration (test 11, Table 3) according to constant
Froude numbers and then applies correction factors for those properties
that do not match the example. Figure 53 presents the full scale E

values of the independent parameters as a function of scale factor.

The tank scale parameter values are noted on the'figdreh. The full

scale values of the dependent variables are presented in Figure'Sd also
as a function of ascale factor. If the discharge height and discharge

velocity of the example do not conform to the scaled up values for the
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baseline case, the dependent variable values (head wave velocity, mud

flow anﬂgcloud heights) must be corrected accordingly. The head wave

velbcity corrgétions are shown in Figure 55 for off-reference discharge

height and discharge velocity conditions. The curve labeled Discharge

 Ve19city was develnped from the head wave velocity data shown in Figure

29, The dischatgé velocity values or the abscissa were ratioed to the

béaélihe value (4 fps) and the head wave velocity data on the ordinate
were ratioed to the value measured in the baseline test (0.257 fps).
Thgrefore,tthe non-dimensional trends of the tank scale date for the
baseliné configuration were used to correct for off-reference conditions
at full scale. The same procedure and the data from Figure 27 were used
to develop the discharge height correction curve in Figure 55. The
mud flocw height correction curves and the cloud height correction curves
were developed in the same manner from the data of Table 3, test 11,
Figures 27 and 2%, and are presented in Figures 56 and 57 respectively.
196. The prediction method can be best demonstrated by an 1llus-

trative example. It is desired to predict the cloud height, mud flow
height, and head wave velocity for the following discharge configuration:

a. Submerged discharge pipe oriented at 20 deg dowaward

b.  24-in. discharge diameter

c. 18-fps discharge velocity

d. Discharge height 14 ft above bottom

Step l: Determine Scale Factor

197. The scale factor is the ratio of the full-scale pipe diameter

to that of the pipe in the test facility:
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Sug}e factor T1.049 22'9.

where the diamerer of 1.049 in. for the test condition is the actual

- diameter Gf the l-in,-ips pipe used for the referende'coﬁditions in the

baseiine tesrs.

. Step 2: Detexrmine full-scale reference conditions

>l9§. Using rhe scale factor determined in Step 1, eater the

'

curve in Figure 53 to determine‘operaﬁing‘conditioné for a fhll~gca1e

. reference configuration that is geometrically similar to the baseline .

reference test:.

- Discharge dismeter = 24 in,
Discharge velocity = 19.1 fers
Discharge height ~ 22,9 ft

Step 3: Determine prcdictions for
the full-scale reference conditions

199. Again usirg the scale factor, enter the curve in Figure 54

to determine predictions for the full-scale reference conditions:

Head wave velocity = 1.25 fps
Mud flow height = 5,72 ft

Cloud height = 13.3 ft

Step 4: Determlne ratios required to obtain correction factors

200. Since these bredictiuns are for a full-scale reference con-
dition in which the discharge velocity and discharge height above the
bottom differ from those in the example, it is necessary to obtain

correction factors that will be used to modify the reference prediction
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to agree with the example. The first step in obtaining the correction.
factors is to form ratios of desired discharge velocity to the reference

discharge chocity and the deaired height to the reference height above

bottom:
' ' _ 18
Discharge velocity ratio = g7 = 0.94
- ‘ 14
Height &bove bottom ratio = 79 = 0,61

Step 5: Obtain correction facturs

201. Since predictions are to be made for three parameters (cloud
height, mud flow height, and head wave velocity), and correction factors
are required for two off~-reference conditions (discharge velocity and
height above bottom), a total of six correction factors are required.
These are obtained by entering the curves of Figures 55, 56, and 57 for

head wave velocity, mud flow height, and cloud haight, respectively.

The correction factors are as follows:

Discharge
Discharge Velocity Height Abnve
Parameter Correction Bottom Correction
Head wave velocity 0.97 0.94
Mud flow height 0.95 0.85
Cloud height 0.99 0.80

Step 6: Apply correction factors

202. To obtain the predicted values which apply to the conditions
of the original example, each reference condition prediction is multiplied

by the two correction factors obtained in Step 5.
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Head wave velocity prediction = 1.23 x 0,97 x 0.94 = 1,12 €ps
Mud flow height = 5.72 x 0,95 x 0.85 = 4,62 ft

Cloud height = 13.3 x 0.99 x 0.80 = 10.5 ft

203. The correction factor curves used in this example were de-
veloped from test data obtained in the baseline tests in which the
independent variables were varied singly. Hence the predictions are
based on an inherent assumption that there are no interactive influences.
Furthermore, the range of full-scale conditions for which predictions
can be made 1s necessarily limited by the range of the variables actually
tested. In particular the predictions should be applicable for a dis-
tance of 24 x scale factor ft from the discharge point.

204. Predictions can also be made for head wave velocity, cloud
height, and mud flow height for the case of operations with the full-
scale diffuser. As an example, Figure 58 shows the scaled-up predictions
for the reference case (test 40). These curves are valid for the full-
scale situation in which the Froude number and geometric relationships
are held the same as for the reference case., Figures 59, 60, and 61
provide correction factors for a limited range of off-reference condi-
tions as derived from the data of Figures 49 and 50. The procedure for
developing the full-scale prediction for the diffuser is the same as
that outlined for the submerged pipe configuration.

205. For purposes of 1llustration and comparison, consider a
diffuser for the dredging operation of the preceding submerged pipe
example. The pipeline diameter is 24 in. and the dredged material

slurry moves at 18 fps through the discharge pipe. The diffuser is

164

T et g T e i am ot e mem s wiea

S el SO e

SR N TR 1V MR Pt

st

T N S M et A i1 e 8




EENAN

2T SR

TRVINTAY R AT TR P A TR

TR LT e

PR B KA

25

Y T RN T O P N S R T o, 28 e P I Tu A N, Mt S il T AN 7, PG ot A bt T o+ 4T i €5 5 A e it v o,
— — — —] ] ] — == t=1 - —

DR

R

TR AR 1 ot T s e

A |

e

20

—

15

—+

——

10

v

~

|

(=

R e

Yy

(33) Y3TeH moTd prK

~F

3 (33) M339m pnoTd
(sd3 ﬂuoﬁv A3To0Ta) PARM pEOH

e

o~

~

o

103 SUOTIOLPaiAd muawuouom atess 1IN

iR R R O

S pmet T T S AET AT

Scale Factor

Full-scale predictions for operations

Figure 58.

with diffuser

vy
L~
-

e e

i

1

.

)

'

;3

i

i

i

t
3
b

3 ¢ o
it b ariad Wi s

st = st et s




AT

X

¥
i
}
b 8 / ;
¥ G 1 3
: ™ . b
i‘ g d ?
N - Discharge Height ;
5 ?
V. - a
3 ? : —
(&) —t++~4+4+ 4+ =+ 4 —--? ot | Gy ;
j : .,‘? ’, + ]
3 ; ) 41_ ] P
- 3 TR L] -
> / Discharge Velocity :
s [ ! !
. (] } ;
L : = | H
: i v i
i il ?
: ] -+ ;
1 ‘23
g : 0 1 2 A ‘
? : Independent Variable Ratio :
% Sediment = clayey silt
! Concentration = 17 percent solids by weight
; ! Figure 39. Head wave velocity corrections for ? !

of f-reference conditions using the t
i : diffuser

. !
; ,- g
¥’ . ; 3
% H

e, e

LN U G,

166

P Y CU TP WL s AR UL S ! e 2 sk AN i 2 AR A a2 A s Bt bt B Kot i




I T RD P VLA VAT ’3i'ff-'-!'-\",“—.‘»‘$1"=”“.-""." HARIU AR S fad e RO T TR PRy, um,)_"-}‘rjf“-q A {2 it gk S aelulat iy

]
¢ -;

2 , .
. ; .

; i

; ,

. A
- PR
2 3 Ly
3 e )
i B
3 . e 9,
. i !
3 N3 i 7
rind i
i

. :_,;};-'-‘:'

AT

Diascharge Height ' -

S e e A

L __._._.\.L.,. —t—

1\
X
Es

I LY PR

Mud Flow Height Correction Factor

T -1 T 1

0 ‘ 1 2 . ;
Independent Variable Ratio P

Sediment = clayey silt
Concentration -~ 17 percent solids by weight

! Figure 60. Mud flow height corrections for )
: off-reference conditions using 3
: the diffuser %

e T TR RO TR T R

i AR KA 12 B A fo s AT = LS E \

AR TT9N




e ERs
o

! j
I 3
) gl Discharge Height

’]\ A{.‘!;A 1

Discharge Velocit-

Cibud Height Correction Factor

NENU Pty pumm pevly g PR B 0 B Rt

1 2 :
Independent Variable Ratio ;

or

bR TR T B 2 4

>

3 3 Sediment - sandy silt
Concentration = 17 percent solids by weight

Amr

Figure 61. Cloud height corrections for off-reference
conditions using the diffuser

g St

B e IR AT TR L
TR RA S  e

J H
\ H
v q
B i
) . 3
1 a3 =
3 i
s

168 ‘

T S S YT S K AN ¥ st




operated on the buitom to maximize the mud flow density and minimisze
the water column turbidity at the dischafge ﬁoint. ‘Of course, the

processor must be raised gradually as the sediment mound grows. For ;
purposes of the calculated prediction the height-off-the;bottom is

$ero,

206, The case properties for the test model (based on test 40),

full-scale rcference model, anq fﬁil—scale corrected mddgi are summarized

pas doiasioio

§
i
below. %
Case __Model Full-Scale Prediction .
3 (test 40) Reference  Corrected }é
Pipe Diameter, in. 1.049 2 k4 :
% Scale Factor 1.0 22,9 22.9 ;
- Discharge Velocity, fps 4.0 19.1 18.0 %
5 Discharge Height, ft (in.) (2) 3.8 0 {
: Head Wave Velocity, fps .089 LA26% 0.28 (Figure 59) 2
Mud Flow Height, ft (in.) (1.75) 3.34% 1,84 (Figure 60) S O
Cloud Height, ft (in.) (3) 5.72% 1.89 (Figure 61)

*Figure 58.

The full-scale reference case is obtained by scaling the test model A E
dimensions (discharge height) by the scale factor 22.9 (i.e., 24 + 1.049 =

22,.9) and the discharge velocity by the square root of the scale factor

(i.e., 4.0 x 4.78 = 19,1), The scaled reference data for the dependent
i variables are shown in Figure 58. The full-scale corrected case differs
from the reference case in the values for discharge velocity (18 fps § Al

i versus 19.1) and discharge height above the bottom (0 ft versus 3.8 ft).
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_i The correction factors for these differences are developed below based {
& on the correction curves ghown in Figures 59, 60, and 61, where 1
q
L
* Discharge Velocity Ratio = 1;81 = 0.94
i P
g' and ; 3
; Discharge Height Ratio = 38 " 0 ; i
v : P
b g
5“ :
¢ are the independent variable ratios. i
§ Headwave Velocity Correction é

for discharge height = 0,67 (Figure 59) i

for discharge velocity = 1.00 (Figure 59)

total correction factor = (0.67)(1.00) = 0.67

corrected headwave velocity = (0.426)(0.67) = 0.28 fps ‘ f %

Mud Flow Height Correction j

_ for discharge height = .57 (Figure 60) 3
E :
i for discharge velocity = 0.96 (Figure 60) :
% total correction factor = (0,57)(0.96) = 0,55
i i
; corrected mud flow height = (3.34)(0.55) = 1.84 ft 1
? Cioud Height Correction ;
: for discharge height = 0,33 (Figure 61)
; for discharge velocity = 0.99 (Figure 61)

total correction factor = (.33)(0.99) = 0.33

corrected cloud height = (5.72)(0.33) = 1,89 ft

i e v
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207, The results of the foregoing prediction calculations can

be used to compare the performance of the 20 dag submerged pipe and the

1 diffuser processor on the same dredging operation. Each dischargz sys- : 3

tem was evaluated at a second height above bottom to show how its

performance might change with vertical adjustment. The 20 deg sub-

ombiarmsis et it

merged pipe was evaluated at 8 ft and 14 ft off the bottom and the
diffuser was evaluated on the bottom and 3 ft above bottom. The addi-

tional points were determined by the procedures followed in the above

i
[ERPR=, S0 H PP

1llustrative examples. The predicted performance data are presented f !

below in Table 8.

T r—
il Lo Ll Tl £t

Table 8

Full Scale Performance Predictions

S ik b Wi s+

20 deg Submerged Pipe Diffuser Processor

Al man A

Height Above Bottom, ft 8 14 On bottom 3 § g
Head Wave Velocity, fps 1.02 1.12 0.28 0.38 %
Mud Flow Height, ft 4,35 4,62 1.84 2.94 %
C:oud Height, ft 7,18 10.5 -89 5.49 1

Ncte; Pipeline ID = 24 in.
Pipeline flow velocity = 18 fps

i BT s

208, Several trends are evident from the information in Table 8.
When reating on the bottom the diffuser produces a slow-moving mud flow

less than 2 ft thick with virtually no turbidity cloud and hence

represents the ultimate in mud flow control. As the diffuser 1s raised f
3 ft off the bottom the fluid mud layer thickens by about one ft, the !

turbidity cloud becomes 2.5 ft thick, and the top of the cloud is now

TR T YIS IR LA AT Y ML R L T
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1lmost three times higher than it was with the diffuser on the bottom.
? The diffuser control over the mud flow can therefore be varied widely
by relatively smal; adjustments in the height of the diffuser above
the mound surface. To reduce the heig’ of the turbid cloud the diffu-

ser shouid be'operated,as close to the mound surface as practicable

without burying it. Lowering the end of the 20 deg submerged pipe

from 14 to 8 ft above the bottom does not alter the fluid mud layer

witeen ittt b s = e

appreclably but it does reduce the cloud height by about 30 percent.

The 24 in. pipe dischavging at 18 fps (25,400 gpm) cannot be lowered

e Mt st Ak

closer than 8 ft aLove bottom without incurring severe bottom scour. :
209, The operating conditions in Table 8 represent the best and
the least periormance for each discharge system which allows the best 3

and the least fasorable comparison of che diffuser with respect to

the 20 deg submerged pipe. The diffuser looks best operating on the

; ‘bottom. Compared with the 20 deg submerged pipe 14 ft above bottom,

TR, TR N

: the diffuser reduces the thickness of the fluld mud layer by a factor é

£ 2.5 (4.62 + 1,84) and the cloud height by a factor of 5.5 (10. - !

1.89). The worst view of the diffuser occurs with it operating 3 ft

above bottom as cumpared to the 20 deg pipe mounted 8 ft above bottom.

In this case the diffuser reduces the mud flow thicknesr by a factor

of 1.5 (4.35 ¢+ 2.94) and the cloud height by a factor of nearly 2

i ok SR . I .z

T

(10.5 # 5.49 = 1.9). Although the effectiveness of the diffuser in
reducing cloud height can vary widely from 5.5:1 to 1.9:1, the lower

3
value still represents significant superiority of the diffuser. ;
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CHAPTER VII: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Submerged discharge is an effective technique for reducing the
turbidity associated with the disposal of fine-grained dredged material
by open-water discharge. Flume tests have shown that a submerged open
pipe discharge generates less turbidity in the water column than an open
pipe discharge above the surface. Further lessening of turbidity has
been demonstrated using a diffuser, rather than an open pipe, for
submerged discharge.

An open pipe, submerged and oriented vertically downward,
appears to yield significant reductions in turbidity generation com-
pared to above-surface discharge. Three tests in this mode produced

cloud heights of lesa than four inches. Two tests with above~surface

discharge produced cloud heights of nine and eleven inches, respectively.

All processor models tested were similar to, or better than, the
open-pipe submerged discharge configucration in reducing turbidity com-
pared to the above-surface discharge. Two models, the diffuser and
the plenum, were about equal in performance, as measured by mud flow
height and cloud height. These models were distinctly superior to
the shroud and the weir, neither of which demonstrated noticeable
jmprovement over the open-pipe submerged discharge.

The diffuser reduced head wave velocity by more than 50% from

the baseline conditions over a wide range of test conditions.
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Froude number scaling can be used to predict full-scale behavior

XURzS DL

of dredged material discharges based on tank tests. An example compu-

tation showed that a diffuser processor can provide a cloud height of

BRI AR

] : 2 ft off the bottom, while a 20 deg submerged pipe would produce an

T
g et

11 ft cloud height.

Engineering analysis has shown that a complete full-scale submerged

o e T AR e

discharge system can be fabricaﬁed from conventional materials with

W T

% conventional manufacturing te~'mniques. A prototype total system,

: including the processor and a specially designed or modified barge,
3 ;

using an 18-in. pipeiine, coulu be prcduced for approximately $212,000
(1977 prices).

For a full-scale system to be effective in reducing turbidity,

the processor must be close to the bottom. On the other hand, it must

not be allowed to be buried by the rising mound of discharged material.

: A simple model of the mounding of dredged material has shown that a

during a month of disposal operations. This level of maintenance does

not appear unduly burdensome for a typical hydraulic pipeline dredging g

project with the normal complement of workboats and labor.
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Recommendations
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'the concepts developed and tested in this project should be field
S

tested at full scale. The goals of the field test should be:
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processor would need to be moved approximately four to five times 2
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The field test

Verify the scale-up computation approach used in
this report;

Verify the approach to computing required processor
movements,

design should irclude:

Comparison of open-pipe discharge above the surface,
open-pipe submerged discharge, and at least one
processor model;

Plans for measuring turbidity, mud flow velocity, mud
flow thickness, ultimate propagation distance of mud

flow, and mounding behavior at the discharge point,
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APPENDIX A: NOTES OF THE SURVEY OF CORPS OF ENGINEERS
DISTRICT OFFICES AND PRIVATE DREDGING CONTRACTORS

1.

As an aid in the development of concepts for submerged discharge

pipeline designs, a survey was conducted by telephone to determine what

b ol st Sl e

experi¢nce and expertise have been gained by the dredging industry in the

submerged discharge technique. District offices of the Corps of Engineers

that were known to be involved in dredging projects were contacted and

[T RS T P RE TR

questioned as were several of the private dredging contractors that have

- .

been involved in open-water discharge operations. Those that indicated

PP STIR: AT

! experience with submerged discharge were asked the following guestions:

P
: a. Why did you use a submerged discharge? : é
' b What were the details of the confa racion? ¥
5 c

. What results did you obtain?

: d. What are your recommendations for the use of the submerged % %

' discharge technique? : 3

: ; i
H- 3 2
: The following is a summary of the notes for each telephone interview. i

Agency/Company Contacted: U.S. Army Engineer

District, Portland

[ i 1 2% 1

Individual Interviewed: Mr. Gregory Hartman

Date: July 1976 i

-
#

ﬁ : . Submerged discharge has often been used in the upper Columbia

%' River because of the need for accurate placement of material on the

i

g : river bottom. The material dredged from the Columbia River consists 3 E
! : 3 ]
?’ E mainly of clean sand that sinks rapidly to the river bottom after being 3 ;
3 § : !
% 1 released into the water column. The high sinking rate creates a mounding

b . .
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problea thut is alleviated oply by continuously moving the discharge
S?

pipe. Because the sand in thpse areas 1s clean, little turbidity is

b
!
visible at the water surface regardless of discharge technique.

3. Mr. Lou Smith of the Portland District has studied submerged

discharge where turbidity (as a function of water depth) during discharge

was one of the measured variables. The report on this work had not

been prepared at the time of this telephone call.

Agency/Company Contacted: U.S. Army Engineer

District, St. Paul

Individual Interviewed: Mr. Raymond Sanford

Date: July 1976

4, The St. Paul District tested submerged discharge in 1975 as a

means of reducing turbidity during discharge operations. Even though

the material being discharged was sandy, it produced significant turbi-

dity when discharged above the water's surface. The District discharged

material into a pund using a submerged 80-ft bleeder (slotted) pipe.

An attempt was made to avoid mounding by discharging over a wide area,

PR

Results of the experiment showed very little reduction in turbidity using

submerged discharge, and further use of the technique was discontinued.

! Agency/Company Contacted: U.S. Army Engineer

District, Norifolk

3 Individual Interviewed: Mr. Thomas Lawless
il

Date: July 1976

% : 5. The Norfolk District uses the submerged discharge technique
L
4

i as a means of precise placement of material. Bleeder pipes, deflector

1 plates on the end of the discharge pipe, and submerged discharge have
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all been used to achieve both turtidity reduction and placement

accuracy.

Agency/Coupany Contacted: . U.S. Army Engineét
: . District, Jacksonville
Individual Interviewed: Mr. Keith Hamilton
Date: September 1976

'

6. The Jacksonville District has performed svbmerged dieéherge

in 6-8 ft of water with the discharge pipe pointed vertically downward
- approximately 1 ft below the water surface., Submerged discharge was

first tested approximately 4 years ago as a method for the accurate

placement of dredged material., Turbidity reduction was not a consi-

~deration when the decision to use submerged discharge was made. Since

the Jacksonville District deals mainly with sand, their experiences
with the procedure have been similar to those of the Portland District,
i.e., visual observations indicate that turtidity was not reduced

significant'y during discharge while significant mounding did occur.

Agency/Company Contacted: U.S. Army Engineer
District, Mobile
Individual Interviewed: Mr, Patrick Langan

Date: Septembter 1976

7. In 1974 the Mobile District tried submerged discharge by

placing discharge pipe 2-3 ft below the water surface. In Mr. Langan's

opinicn, the resulting turbidity was less than that generated with

above-water discharge, but the mud flow was increased. Only visual

obsesvations were made in this attempt, so firm conclusions could not

be drawn.
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Agency/Company Contacted: U.S. Army Engineer :
District, Sacramento !
Individual Interviewed: Mr. James McBride

Date: September 1976
8.

e e o L h gt S 4

The Sacramento District has used submerged discharge, but can

, L
no longer use open-water discharge of any kind due to environmental !

reptricti@ns. - Mounding was not a problem since they required their

e st A 1 ol

contractors to maintain a mean water depth of 4 ft. No field observa-

tions had been made concerning reduction of turbidity using the technique,

f ' Agency/Company Contacted: U.S. Army Engineer §
A District, Philadelphia ;
f ' : Individual Interviewed: Mr. Stanley Snarski

i Date: July 1976

9. Discharge of dredged material into the Delaware Bay and

[EOIPPRT L PRSP U R

tributary waters is prohibited to minimize the impact of dredging on
. the aquatic environment. As a result, the Philadelphia District has

had no recent experience with the submerged discharge technique. Mr.

Snarski thought that a deflector plate would be necessary for the

i L e s sl Ul 81 s i (]2

submerged discharge technique to be successful in reducing turbidity.
i He referred questions to Mr. Vince Calvarese, Chief of Engineering

f& ; Branch, Mr, Calvarese stated that he had no experience with submerged
: j discharge and, consequently, could be of no help. Dr William Barnard
. ~of the U.S, Army Engineer Wuterways Experiment Station has advised

that in 1967, the Philadelphia District used submerged discharge with

TSI

the pipe pointing down and with a deflector plate.

}
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District, Detroit

Agency/Company Contacted: U.S. Army Zngineer ;

District, Buffalo E
Individual Interviewed: Mr., Gerry Greener g
Date: September 1976 ?
10. The Buffalo District has never used submerged discharge since g

all dredged material disposal is performed with dump barges rather than

pipelires, i
Agency/Company Contacted: U.S. Army Engineer ?
District, Chicago i
Individual Interviewed: Mr. 3ernard Bochantin %
Date: July 1976
11. The Chicago District has no experience with the submerged ? %
discharge technique of dredged material disposal. % %
P
Agency/Company Contacted: U.S, Army Engincer ! %

Individual Interviewed: Mr., T. Odle

Date: July 1976 ? %

12. The Detroit District has no experience with submerged discharge. % é
L

: i

Agency/Company Contacted: U.S., Army Engineer f i
Division, New England :

Individual Interviewed: Mr, William McCarthy i

Date: July 1976

13. The New England Division does not use open-water discharge

during hydraulic pipeline dredging operations.

A5




k|
Agency/Company Contacted: U,8. Army Engineer
District, Galveston 3

Individual Interviewed: Mr. Dolan Dunn : 3

Date: September 1976

] 14, The Galveston District assigns dredging operators areas in
; which to discharge dredged material but does not specify any particular
& discharge technique. A contractor in the Corpus Christi area is presently ‘ SR

using éhe submerged discharge technique, but no effort is being made to

monitor turbidity during the operation.

Agency/Company Contacted: U.S. Army Engineer
District, Baltimore

Individual Interviewed: Dr. C. Kearns

Date: July 1976

15. Dr. Kearns knew of an instence in which one of the Baltimore

e et ka3 b

District dredging contractors used the submerged discharge technique.

The contractor used a deflector plate on the end of the disrharge pipe

<

to prevent mounding since he was required to maintain a minimum water
depth of 3.5 ft. Because no effort was made to monitor the project,

judgments concerning turbidity reduction could not be made.

AT

PRI SRR W Bt S

Agency/Company Contacted: U.S. Army Engineer
Digtrict, Charleston

; Individual Interviewed: Mr. Lawrence Snyder
Date: September 1976

! E 16. The Charleston District has no knowledge of or experience

with submerged discharge.
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Agency/Company Contacted: U.S. Army Engineer
District, Savannah
Individual Interviewed: Mr. William Young

Date: September 1976

17. Mr. Young had no knowledge of the Savannah District using

submerged discharge.

Agency/Company Contacted: U.S. Army Engineer
District, San Francisco
Individual Interviewed: Mr. John Sustar

Duzte: September 1976

18. The San Franciso District has not had any experience with

submerged discharge.

Agency/Company Contacted: Parkhill Goodloe, Inc.'
. Jacksonville, Fla.
Individual Interviewed: Mr. Michael Mashela

Date: December 1976

19. Parkhill Goodloe did not have any direct experience with

submerged discharge. Mr. Mashela did juestion whether the technique could

be of any value in an area with a strong current. He stated that since

sand does not cause a turbidity problem when discharged, submerged dis~

charge is of potential value in reducing turbidity only when disposal of

silt or clay is involved., According to Mr. Mashela, silt and clay will

remain in suspension regardless of where they are discharged in the water

column when an ambient current is present. ILf the pipe is placed close

to the botcom, the discharge process itself can cause resuspension of bottom
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material, thus compounding the problem. Mr. Mashela concluded that

jor

submerged discharge would be of maximum value in lakes where ambient

currents are small.

Agency/Company Contacted: Williams-McWilliame 4

A Metairie, La. ‘%

Individual Interviewed: Mr, J. Miller i

Date: January 1977 :

20. Williams-McWilliams uses submerged discharge extensively as a i

3 method for accurate placement of discharged material. Discharge baffles ! ?

are employed for backfilling trenches because they spread the discharged %

i

material over a wider bottom area. :

21. Williams-McWilliams does not use submerged discharge to i

1 reduce turbidity and hence has not attempted to quantify the difference %

in turbidity between above- and below-water discharge techniques. Visual : :

i ;

observations, however, indicate reduced surface turbidity after submerging f ;

!

the discharge pipe. % %

b

Agency/Company Contacted: Atkinson Dredging Co. § %

Chesapeake, VA : ;

Individual Interviewed: Mr, Bill Hull

i 3

% Date: January 1977 , )
3

22, Atkinson Dredging has used submerged discharge extensively in

their operations.

TR R T e e &

They discharge sandy (shell) silty material vertically

ol i

into the water column, and most of the material drops rapidly to the bottom

with very little suspended material rising to the water's surface. Visual

surface turbidity is greatly reduced by discharging directly into the

TP o my

water column. Fine-grained material was dredged in the James River, with
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disposal by submerged discharge, in July 1976. Visual observaticuna

indicated that surface turbidity was low.

Agency/Company Contacted: Radcliff Materials, Inc.
Mobile, Ala.

Individual Interviewed: Mr. Robert Palmore

R, B EPET S £ 1 ot w-}'ﬂa‘i’”"Wﬂ”‘ﬁ”“%‘%%wﬁﬁﬂmm !

Date: January 1977

e sttt et L

23, Radcliff Materials has performed submerged discharge with the

same results as other dredging companies that -use the technique: visual PG

turbidity was reduced by placing the discharge pipe into the water column.

Radcliff was dredging a silty clay sediment.

Agency/Company Contacted: The Hydrologic Engineering Center, f ‘
Corps of Engineers, Davis, Cal.

Individual Interviewed: Dr. Robert C. MacArthur
Date: May 1977

Wb i s o i ok, 530 1,

24, In 1975 Dr, MacArthur conducted a laboratory study of several
submerged discharge designs for the open-water discharge of fine-grained

dredged material from a proposed dredging project in Los Angeles Harbor.

JERTIREP RTINSO PO

The interest in submerged discharge was to minimize  turbidity levels in

the upper water column. As a result of his study, Dr. MacArthur

e Rl el ket a2 TR,

recommended connecting the horizontal pipeline close to the upper end

b bl

of a capped vertical cylindricel chamber (8 to 10 ft diameter corrugated

pipe). The slurry flowed in:o the chamber from the pipeline, turned

downward and decelerated as it gradually filled the larger flow area

PrtNEre e

of the chamber, and exited radially through the annular opening between

T bt e 1+ L L

the lower edge of the cylinder and the harbor bottom. Bottom scour was

to be minimized by using a deflector plate, and the entire assembly was

A9
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y to be supported and adjustable by a system of vertical catles. Whether

or not this design was built and operated is not known at this time.
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APPENDIX B: CONCENTRATION PROFILZIS
{
3 i
] 1. For each of the runs conducted for both the baseline tests and :
1 the processor tests, water scmples were taken to determine sediment con-
3 centration profiles vertically through the mud flow. These profiles § j
served three purposes: to define the height of the mud flow, to deter- :
] mine the distribution of solids in the mud flow, and to establish an i
average density of the suspension comprising the mud flow. ‘; ?
; 2, Probes were arranged to take samples at each of three locations o
i 3
; A
t at seven different elevations above tank bottom: 1, 2, 3, 4, 6, 8, and F
i 10 in. Concentrations were obtained by filtering the samples, and drying }
K
D and weighing the solids, The profiles thus obtained are rec.rded in this
B é
i appendix. §
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog i
card in Library of Congress MARC format is reproduced
below.

e i B e MM

St

Neal, Robert W i
Evaluation of the submerged discharge of dredged material
slurry during pipeline dredge operations / by Robert W. Neal,
George Henry, Stephen H. Greene, .JBF Scientific Corporation,
Wilmington, Massachusetts. Vicksburg, Miss. : Y. S, Waterways
Experiment Station ; Springfield, Va. : available from National
Technical Information Service, 1978. .
176, 10, 46 p. : ill. ; 27 cm. (Technical report - U. S. Army i
Engineer Waterways Experiment Statiun ; D-78-44) o i
Prepared for Office, Chief of Engineers, U. S. Army, Washing- — i
ton, D. C., under Contract No. DACW39-76-€-0112 (Neg.) (DMRP !
Work Unit No. 6C08) :
Literature cited: p. 17o. ;
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1. Dredged material. 2. Dredged material disposal. 3. Dredging.
4. Pipeline dredges. 5. Turbidity. 6. Underwater excavation.

1. Henry, George, joint author. 1II. Greene, Stephen H., joint

author. TII. JBF Scientific Corpovation. 1IV. United States. : 5
i Army. Corps of Engineers. V. Series: tnited States, Waterwuys : i
' Experiment Station, Vicksburg, Miss. Technical veport ; D-78-44. ) i
TA7.W34 no.D-78-44 ) : 3
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